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MANUALLY OPERATED 


YOU'LL FIND SOUND VALUES IN THIS NEW G-E CIRCUIT BREAKER 


Standard breaker can be shipped ready for service Duplex butt-pressure-type arcing contacts — ex- 


—all important adjustments are made at the tremely long service here. 


Strong Herkolite bushings, moisture-proof and 


factory. 

unbreakable. 
Silver-surfaced, current-carrying contacts—which Qj -blast interruption—which means fast operation 
means no oxidation troubles. and long life for the oil and the arcing contacts. 
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High Lights 


Radiobroadcasting. Although radiobroad- 
casting stations in the United States operate 
on frequencies assigned so as to provide ser- 
vice to listeners throughout the country, 
practical limitations make impossible good 
reception on every one of the 100 frequency 
channels in the band of medium wave lengths 
for any one listener (pages 666-70). Fre- 
quencies of 30 or more megacycles per 
second have certain characteristics that 
make them particularly suitable for local 
broadcasting, and essential for television 
with present standards, but working fre- 
quencies in this region by no means are un- 
limited. Because such waves are limited in 
range almost to optical paths, they are 
unlikely to replace the medium-frequency 
waves now used for broadcasting over large 
areas (pages 662-6). 


Vibration. Increasing the speed of ma- 
chines imposes upon the engineer the neces- 
sity for seeking some means of reducing the 
amount of noise and vibration transmitted 
to the structures in which the machines are 
housed. Vibration isolation is one way of 
accomplishing this (pages 735-8). Instru- 
ments for precision measurement of vibra- 
tion must measure amplitude, velocity, and 
acceleration. Fundamental requirements 
in the design of a general-purpose measuring 
instrument determining the useful fre- 
quency range, accuracy, amplitude range, 
and effect of the instrument on the vibrating 
body (pages 706-10). 


Insulation Co-ordination. For several 
years a joint committee of Edison Electric 
Institute and National Electrical Manu- 
facturers Association has been considering 
the subject of insulation co-ordination. 
As a result, basic impulse insulation levels 
now have been agreed upon, which consti- 
tutes the first step in the program (pages 
712-14). A subcommittee has studied the 
factors that caused divergence in flashover 
values obtained by different commercial 
laboratories for the same test piece on im- 
pulse testing, and impulse and 60-cycle 
flashover values for rod gaps and insulators 
now have been agreed upon (pages 711-12). 


Recovery Voltages. Determination of cir- 
cuit recovery voltages for many different 
system conditions by actual tests is expen- 
sive and limited in scope. The voltages 
may be determined by analytical methods, 
which cannot consider all factors without be- 
coming extremely complex, or by reproduc- 
ing the system in miniature on an a-c cal- 
culating board and actually measuring the 
desired quantities (pages 695-705). 


Distribution Protection. Investigation of 
the requirements of distribution systems for 
protection against surges shows that pro- 
tectors should have a discharge capacity 
of 100,000 amperes, although a lower value 
may be satisfactory, and that a high degree 
of protection may be obtained in voltage 
classes up to 13.8 kv with a ratio of 9 to 1 
for the protective-device discharge voltage 
and normal-frequency voltage (pages 683-8). 


Transformer Insulation. For many years 
the transformer subcommittee of the AIEE 
committee on electrical machinery has been 
developing standards for the insulation 
strength of transformers. Impulse testing 
of insulation is one of the recent develop- 
ments, and now the expression of impulse 
strength in terms of kilovolts instead of gap 
spacing is authorized (pages 749-54). 


Insulation Levels. Insulation levels of 
transformers and other power system equip- 
ment should be selected according to the 
performance of the protective equipment 
such as lightning arresters and gaps; the 
level selected must be above the maximum 
surge voltage presumed to be allowed by the 
protective device on a volt-time basis over 
the range of time selected (pages 677-82). 


Security of Engineering Employment. Data 
supplied by some 35,000 engineers shows 
that the degree of economic security among 
professional engineers, as evidenced by pos- 
session of an employment contract covering 
some period of time, or by pension privi- 
leges, is negligible (pages 655-61). 


Insulation Co-ordination. | Economy and 
the protection of service and equipment 
are the objectives of insulation co-ordina- 
tion. Many data on the insulation strength 
of major equipment and protection available 
have been collected and are presented in 
graphical form in this issue (pages 715-20). 


Spill Gaps. Theory and performance of 
spill gaps for the protection of electric cir- 
cuits and equipment from lightning, to- 
gether with a discussion of the selection of 
insulation levels co-ordinated with this type 
of protection, are presented in this issue 
(pages 689-94), 


Section and Branch Report. The annual 
report of the Section and Branch activities 
for 1936-37 show that 621 meetings were 
held by AIEE Sections during the year, 81 
more than during the preceding year; Stu- 
dent Branches held 1,363 meetings, by far 
the most ever held in a fiscal year (pages 
762-5). 


District Meeting at Buffalo. Active dis- 
cussions on electrical equipment for steel 
mills and power system operation featured 
the Institute’s North Eastern District 
meeting held recently at Buffalo, N. Y. 
The meeting included also a Student Branch 
convention (pages 758-61). 


Rotor Balancing. Small gyro rotors such 
as are used in airplane flight instruments 
require balancing in production at speeds of 
30,000 or 40,000 rpm. A machine using 
electrical means to detect unbalance is 
replacing older methods (pages 729-34). 


Oil-Filled Cables. Improvements in oil- 
filled cable and associated equipment, 
have made possible economy and compara- 
tively simple layout for about 100 miles of 
66-kv oil-filled single-conductor cable now 
being installed in Chicago, Ill. (pages 739- 
48). 


Development of Standards. The AIEE, 
with its technical committees covering all 
phases of the electrical art, many of which 
have active subcommittees, has an ideal 
setup for the development of material for 
electrical standards (pages 653-4). 


Prize Awards. National prizes for technical 
papers presented at Institute meetings dur- 
ing 1936 have been awarded. Prize awards 
also have been announced by some of the 
Districts (page 756). 


Cathode-Ray Oscillograph. A _ historical 
review of advances in the design of high- 
speed cathode-ray oscillographs, and a de- 
scription of a new type of oscillograph, are 
included in this issue (pages 721-8). 


AEC Patent Report. Action taken by the 
committee on patents of American Engineer- 
ing Council during the year 1936 is summar- 
ized in the committee’s annual report (pages 
766-7). 


Noninflammable Insulating Oils. A new 
type of synthetic insulating oil that obvi- 
ates several of the problems heretofore 
associated with the use of mineral oil for 
insulation has been produced (pages 671-6). 


Summer Convention. Final plans for the 
Institute’s 1937 summer convention to be 
held at Milwaukee, Wis., June 21-25, are 
practically complete (page 755). 


New Members-for-Life. Since June 1936, 
92 members of the AITEE have become 
members-for-life (page 757). 
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What Institute Sections Are Doing 


—A Message From the President 


other Sections is enthusiastically to receive and de- 

lightfully entertain the president. At those meetings 
where the president was an invited guest, but not the 
primary speaker, there was the greatest opportunity to 
learn what the Section was doing ‘‘to advance the theory 
and practice of electrical engineering, and the allied arts 
and sciences, and to maintain a high professional standing 
among the members.” A meeting each year with a 
national officer or officers is most desirable, not only that 
the Section may learn of national activities, but even more 
that the national officers may be informed as to the Sec- 
tion’s viewpoints. Several times this year, the president 
joined in a luncheon meeting with a Section’s executive 
committee. These meetings were very profitable. 

Undoubtedly, the most important factors in a Section’s 
success are the enthusiasm and devotion of the Section’s 
officers. Service to the profession appears to hold the 
strongest appeal for a representative electrical engineer, 
and the energy and time devoted to Section affairs by the 
Section officers is astonishing. Those Sections where this 
spirit is diffused most widely among the membership are 
certainly the most successful. Many Sections hold an 
executive committee meeting prior to each Section meet- 
ing, and with excellent results. 

I have stressed the opportunity open to the Section to 
participate in national Institute affairs by nominating one 
or more members for appointment to the national com- 
mittees, and by submitting at least one technical paper 
for publication in ELECTRICAL ENGINEERING. Several 
Sections have embraced this opportunity. In several 
cities I have been impressed when I learned that the pro- 
gram for the succeeding year was completely planned prior 
to the first of July. This practice permits the completion 
of arrangements for the speakers during the summer 
months, and further permits the program to be printed 
and distributed at the first fall meeting of the Section. 


Fie my limited viewpoints, a primary activity of 


June 1937 


When the program is so arranged, it is well balanced, best 
meeting the needs of the various members. If Section 
finances permit, the membership roster may be combined 
effectively with program announcements. Those Sec- 
tions which are following this practice testify to its success. 

Usually 9 meetings are held, and integrating the in- 
formation I have secured throughout my trips, the follow- 
ing seems to be a good classification as to the types of 
meetings held: 3 meetings are addressed by out-of-Sec- 
tion speakers on recent developments in the field of elec- 
trical engineering; 2 inspection trips to local plants, with 
a short paper by an engineer connected with the plant, out- 
lining what may be observed on the trip; 1 meeting with 
a paper by a member of the Section on some developments 
in electrical engineering; 1 meeting attended by a na- 
tional officer or officers; 1 meeting with a local Student 
Branch (if there is a Branch in the city or the vicinity) ; 
1 social meeting. 

This division of the program has not provided any meet- 
ing relating to the broad interest of the engineer beyond 
his primary professional activity. Such a meeting might 
replace one of the meetings addressed by a local speaker, 
and be arranged as a joint meeting with other groups of 
engineers in the same city or locality. All Sections testify 
to the difficulty of getting enough speakers from outside 
the Section to cover all the desired meetings, and those 
which have developed the practice of securing local speak- 
ers testify to the success of this plan. Often the members 
are much more interested in papers relating to technical 
activity in their own locality than in those having no bear- 
ing on their particular professional interests. 

Several Sections sponsor addresses on semi-scientific 
subjects having a popular appeal, not necessarily related 
to electrical engineering. At such a meeting it is essen- 
tial to have an outstandingly interesting speaker; in some 
places where this plan is followed, the meetings are self- 
supporting. It seems to me that such a plan is quite con- 
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sistent with the fundamental purpose of the Institute. 

Among the most interesting meetings I have attended, 
have been those where a Section joined with a local Stu- 

dent Branch. In some cases the technical papers have 
been presented by members of the Branch. These meet- 
ings were well attended by the older Institute members 
who were glad to have an opportunity to co-operate with 
the young engineers in training, and to encourage their pro- 
fessional development. In one instance, several neighbor- 
ing Branches joined in an inspection trip in the morning, 
were entertained at lunch, held an all-afternoon technical 
meeting, with 6 Branch papers, and joined with the Sec- 
tion in a dinner followed by an address. In a Western 
city, an interesting custom has been developed. Each of 
several devoted Institute members pledged themselves to 
entertain a Branch member at one of the Section meetings 
during the year. This resulted in 2 or 3 Branch members 
being present at each Section meeting as individual guests 
of some of the older engineers. I talked to some of the 
student guests, and they were very strong in their expres- 
sions of appreciation. I recall another outstanding type 
of Section meeting where the members of the Section are 
quite widely distributed, and have only 4 meetings a year; 
but each meeting starts at 2:30 and continues all afternoon 
and evening. Papers are presented by both Enrolled 
Students and members, the total number of papers being 
6 or 8. Some members drive between 150 and 200 miles 
to attend, but those from the more distant points are un- 
able to stay for the evening sessions. 

From my observations, the best meeting is likely to be 
that in which there is the most discussion. Anything that 
can be done to stimulate discussion is desirable. In one 
city, the author requested 3 or 4 acquaintances to discuss 
his paper. Usually it is necessary for only 3 or 4 men to 
start the discussion and a very wide discussion results. 
Where 2 or more Sections are fairly close together, joint 
meetings are inspiring. Such a joint meeting might be 
preceded by a golf match in the afternoon, both Sections 
joining in dinner, followed by a technical session. Such 
a plan permits of a larger audience for some outstanding 
speaker from outside the Sections participating. 

If 2 neighboring Sections each plan their programs con- 
siderably in advance, it is possible to arrange for one 
speaker to address the 2 Sections on succeeding evenings. 
Such an idea has been under discussion for years, but actu- 
ally is being applied successfully to only a limited extent. 
One somewhat remote Section has considerable difficulty in 
securing outside speakers and has adopted the practice of 
asking their own members to review the English technical 
publications and present a digest on one or 2 of the most 
important contributions. 

From all quarters of the country, I have learned that 
inspection trips are very popular and are largely attended. 
More meetings of this character are undoubtedly desirable. 

I feel that there should be many more members of the 
Institute among those electrical engineers connected with 
companies using electric power and electrical equipment, 
but manufacturing other products. The engineers of 
such companies desire meetings and papers recording ex- 
perience with the application of electricity and electrical 
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equipment. It is my belief that if the technical commit- 
tees would develop more papers of interest to this group of 
engineers, the organization would be rendering a service 
that would be greatly appreciated and would stimulate 
interest. A few of the Sections are holding meetings with 
this group of engineers particularly in mind. “‘Applica- 
tion” papers are usually of a broad general interest. 
Several of the Sections have a monthly or quarterly pub- 
lication, recording the activities and plans of the Section. 
The expense is not very great, and the results are good. 
In one or 2 Sections, I find a committee covering the 
broad activities of the engineer. Each Section may be 
interested in organizing such a committee. I have ob- 
served that the most successful Sections are usually the 
most social Sections. I am not quite certain as to cause 
and effect, whether they are most social because they are 
most successful, or whether they are most successful be- 
cause they are the most social. Some very light and in- 
expensive refreshments after meetings do add to sociabil- 
ity. In the West where many attend from a distance, 
a dinner preceding the meeting is usually held. If it is 
possible to develop the idea that attendance at the dinner 
is not necessary, but open to all, good results will follow. 
Many Sections have organized specialized technical 
groups, holding additional meetings. Interest has been 
good and the meetings well attended. I have heard the 
statement made that it is not possible to organize such a 
group in a particular Section because there is not any very 


specialized industry. To such a Section I would suggest — 


studying the list of technical committees to see if there is 
not some activity of unusual interest in that locality. For 
example, it might be desirable in some Sections to organize 
a general power application technical group, in others a 
technical education group. 

I found one Section giving a great deal of consideration 
to sponsoring meetings for the benefit of men interested in 
electrical work, but not necessarily eligible for membership 
in the AIEE. It certainly seems quite in accord with the 
fundamental purposes of our organization, that the Insti- 
tute Section should take the lead in arranging for speakers, 
and furnishing a meeting place where all the men interested 
in electrical work could receive information of value to 
them. 

In a Western city, I heard a discussion as to whether it 
might not be possible to broadcast a Section meeting over 
short-wave radio. Several members of the Section had 
operator’s licenses. This plan might not be consistent 
with governmental regulations, but deserves investigation. 

One chairman told me that 3 or 4 years ago they 
wondered what they might do to carry on effectively the 
work of the AIEE. They decided that no more important 
meeting could be held than one that would offer the oppor- 
tunity to every Section member to suggest what he thought 
might be done. This meeting was held, and since that 
time the principal problem has been to cover effectively 
all the suggestions that were made. 

Several times I heard the thought expressed that each 
Section should have a committee on engineering co-opera- 
tion with other engineering groups in the same city or 
locality. It seems very desirable that the engineering 
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activities covering all branches of the profession should be 
co-ordinated. It certainly is true that many of the ques- 
tions which should interest the engineer are equally inter- 
esting to all types of engineers, whether they be mechani- 
cal, civil, electrical, or otherwise. No Institute member 
should forget the reference in Article 1 of our Constitution 
to “‘the allied arts and sciences.” 


It is my hope that Chairman W. H. Timbie and all 
members of the Sections committee will sponsor a paper 
to be printed in ELpcTricaAL ENGINEERING next year on 
the subject “What The Other Sections Are Doing.” 


Development of Standards Material 


A discussion of the responsibility of AIEE committees 
in aiding the development of electrical standards 


By V. M. MONTSINGER 


FELLOW AIEE 


variety of apparatus as the electrical industry, the 

problem of the development of standards is a tremen- 
dously important one. The purposes of standards are 
2-fold: In the first place, they aid in the manufacture of 
products that are more uniform; in the second place, they 
form a basis that enables purchasers to obtain bids for new 
apparatus on a comparable basis. 

For many years one of the chief duties of the AIEE 
has been the formulation and maintenance of standards 
for all kinds of electrical apparatus and machinery. In 
the past, purchasers of electrical apparatus have based 
their purchasing specifications largely on AIEE Standards. 

So long as the Institute was the principal body in for- 
mulating electrical standards, the duties of its members 
and committees engaged in standardization were clearly 
understood. When, because of rapid developments in 
the art, other organizations—the National Electrical 
Manufacturers’ Association, the Edison Electric Insti- 
tute, the National Bureau of Standards, the American 
Society for Testing Materials, and others—found it nec- 
essary to formulate standards of their own, usually consist- 
ing largely of material not considered within the scope of 
AIEE Standards, it became desirable to co-ordinate 
the work of standardization under one central agency so 
constituted as to assure general acceptance. In 1918, there- 
fore, on the basis of a plan formulated by the AIKE co- 
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H. E. FARRER 


ASSOCIATE AIEE 


operating with the other national engineering societies, 
the Bureau of Standards, and others, the American Stand- 
ards Association, or as it then was called, the American 
Engineering Standards Committee, was established. This 
organization grew rapidly, and under its procedure were 
developed many standardization projects outside the 
electrical field. Further to expedite and correlate elec- 
trical standardization under ASA procedure, the Elec- 
trical Standards Committee was created. The principal 
electrical standardization groups have representatives on 
this electrical standards committee, thus giving assurance 
that when a standard has the approval of the electrical 
standards committee it practically has the approval of the 
entire electrical industry and readily is accorded the status 
of American Standard by final action of ASA. 

With this new setup, the question naturally arises as to 
what are the duties and responsibilities of the AIEE com- 
mittees in the formulation and maintenance of electrical 
standards. The opinion seems to have developed that the 
ASA has taken over the standards-making obligation and 
that the Institute no longer has an active duty in the de- 
velopment of standards. This is an erroneous impression 
which should not exist, and this article aims to show why 
it still is the Institute’s privilege and duty to develop 
standards material for submission to the ASA through the 
electrical standards committee. The ASA Council then 
will decide whether the material is ready for adoption as 
an American Standard, or whether it is desirable to or- 
ganize a sectional committee to which it may be referred, 
with other pertinent material, for review and revision in 
order to assure general acceptance. 

The Institute still has an ideal setup for the develop- 
ment of standards material, namely, the technical com- 
mittees, covering all phases of the electrical art, many 
with active subcommittees. The Institute also has means 
for immediate and wide circulation of information and 
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data on proposed new developments. This is essential 
and valuable in keeping the Standards up-to-date and in 
avoiding long delays in final approval of revisions and 
of new developments. 

To illustrate, the development of a typical new Stand- 
ard is outlined: Some 6 or 7 years ago the electrical in- 
dustry decided that consideration should be given to the 
development of a standard covering impulse testing of 
transformers. This work was assigned to the AIEE 
standards committee and by them to the AIKE electrical 
machinery committee. The machinery committee re- 
quested its transformer subcommittee, which was com- 
posed of representatives of both operators and manufac- 
turers, to develop the new standards. 

Before the standard on impulse tests could be proposed, 
much research work had to be done in both the laboratory 
and in the field. As this work went on, the results were 
published from time to time in ELECTRICAL ENGINEERING. 
This proved very helpful to the subcommittee. So much 
ground work had to be done that the subcommittee worked 
on the problem for 3 or 4 years before standards material 
could even be proposed, but as soon as the Proposed Stand- 
ards on impulse testing were published in 1933 the in- 
dustry accepted them. However, due to the rapid ad- 
vances in the art and to the accumulation of new data, 
thought on the subject was not sufficiently crystallized un- 
til just recently to justify publication as Tentative Ameri- 
can Standards. Publication 


ards and at the same time to pass along the work done by 
the transformer subcommittee on proposed changes in 
those standards. After obtaining approval by the elec- 
trical machinery committee and the standards committee, 
the transformer standards and proposed revisions were 
turned over to the ASA for consideration as American 
Standards. To obtain such approval the ASA organized 
the sectional committee on transformers, C-57. While a 
great deal of work has been done by the sectional com- 
mittee in getting together the material covered not only 
in the AIEE standards, but in the standards of other 
societies to be combined with them, no changes of a fun- 
damental nature have been made by the sectional com- 
mittee without having them first considered and approved 
by the AIEE. This is quite logical because, as pointed 
out hereinbefore, the ASA has no means of getting pro- 
posed fundamental changes before the industry until the 
standards are given final approval. This question of in- 
forming the industry of proposed changes in the standards 
is well illustrated in this case by the publication in ELEc- 
TRICAL ENGINEERING since 1933 of 2 reports by the AIEE 
transformer subcommittee. In many instances, however, 
it has proved more advantageous to follow a somewhat 
different procedure; that is, to have the reports published 
by the standards committee in pamphlet form for general 
distribution, with an announcement of their availability 
published in ELECTRICAL ENGINEERING. 

The procedure followed by 


in this form within the next 
few months is planned. 

Had this work not been 
assigned to the AIEE, im- 
pulse testing of commercial 
transformers would have been 
seriously delayed—until the 
Standards were officially 
approved. In other words, 
due to the setup in the AIEE 
committees, together with 
the means for obtaining wide 
publicity for the work of the 
transformer subcommittee, 
the industry has been able 
to make use of the proposed 
standards material on im- 
pulse testing while it was in 
the developmental stage. 

In addition to the formula- 
tion of new standards mate- 
rial on impulse testing, the 
AIEE transformer subcom- 
mittee during this time recom- 
mended several fundamental 
changes in the standards, all 
of which were accepted by the 
industry as soon as published. 

Several years ago, it was 
decided to seek approval as 
American Standards for the 
AIEE Transformer Stand- 


654 


Photo courtesy Ohio Brass Company 


_A transmission line of Fabulosa Mines Consolidated, 
Bolivia, S. A., high in the Andes Mountains. 


peak in the background is Mt. Huayna Potosi, ele- 
vation 20,000 feet. The span is 350 meters long and 
consists of number 4 steel-reinforced aluminum cable 
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the AIEE and ASA in trans- 
former standardization work 
is not limited at all to trans- 
former problems, but can 
and should be followed by 
other committees working on 
standards for other types 
of apparatus. In other 
words, it is the very definite 
responsibility and duty of 
the AIEE technical commit- 
tees to prepare and formulate 
standards material, develop- 
ing it to a point where it is 
satisfactory to the industry. 
The current procedure then 
is for an AIEE technical 
committee to pass this work 
on to the AIEE standards 


committee. The standards 
committee then approves 
the material, if satisfac- 


tory, either for publication 
in report form, or for trans- 
mittal to the ASA for con- 
sideration and approval as 
American Standards. 

There may be exceptions 
to this procedure, in which 
event action should be based 
on the conditions applying 
to the particular situation. 


The 
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Security of Engineering Employment 


W™ARIOR to the onset of the 
P depression in 1929, only 

nonprofessional workers 
were primarily concerned with 
the stability and security of 
employment. The effects of 
the depression years, however, 
were such as to bring about a 
quickening of interest in the 
subject of economic security 
even among _ professional 
workers. Because of this, a series of questions relating to 
this subject was incorporated into the Bureau’s study of the 
engineering profession. Data were requested concerning 
the employment and separation contract, pension privi- 
leges, and the medium used to obtain a position, also 
whether or not the engineer reporting was under civil 
service, and what his status was with regard to patent 
rights. 

The present article is based upon data supplied by 
35,559 engineers who reported the field of engineering 
engaged in and who had an engineering job in December 
1934.1 Their reports indicate that 68.4 per cent of all 
professional engineers used personal contacts and recom- 
mendations to obtain their jobs. Those who used this 
medium, together with those who obtained their positions 
through the civil service, formed nearly */s of all reporting. 

The degree of economic security among professional 
engineers, as evidenced by possession of an employment 
contract covering some period of time, or by pension 
privileges, was negligible. 

In general, there appears to be little restriction upon 
professional engineers with regard to patent rights to 
inventions made by them. The extent of restriction, 
however, depended largely upon the engineer’s field of 
employment and the type of work in which engaged. 


Means Used to Obtain Employment 


The data furnished by engineers concerning the medium 
through which they obtained employment are presented 
in table I. These figures demonstrate that for the engi- 
neering profession as a whole, placement was not the 
function of any particular organization. The vast 
majority of professional engineers obtained their jobs 
through personal contacts and recommendations. This 
was the means used to find the position held in 1934 by 
no less than 68.4 per cent of the 35,559 engineers who also 
reported the field of engineering activity in which they 
were engaged. This medium of employment was re- 
ported by 3/4 of the chemical, electrical, and mining and 
metallurgical engineers, and by slightly more than 70.0 
per cent of the mechanical and industrial engineers, but 
by only 61.7 per cent of the civil engineers. The civil 
engineers, however, found more positions through civil 
service agencies; in fact, 2,941, or 80.0 per cent, of the 
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Data obtained from 35,559 engineers by the 
United States Bureau of Labor Statistics in its 
survey of the engineering profession indicate that 
the degree of economic security among profes- 
sional engineers, as evidenced by possession of 
an employment contract covering some period of 
time, or by pension privileges, was negligible. 
This is the fourth* in a series of articles reporting 
the results of the Bureau’s survey. 


Security of Engineering Employment 


3,706 engineers who were 
classified under this medium 
were civil engineers. This is 
further emphasized by a con- 
sideration of the data for the 
5 professional classes. Of the 
engineers who had engineering 
jobs in December 1934, 19.8 
per cent of the civil engineers 
stated that these were found 
through the civil service, 
whereas among the remaining 4 professional classes, the 
range was from only 2.5 per cent for the chemical and 
ceramic to 4.6 per cent for the mining and metallurgical 
engineers. 

It may be noted, however, that personal contacts and 
recommendations, together with civil service, accounted 
for 74.2 per cent of the mechanical and industrial engi- 
neers. For each of the remaining professional classes, 
these 2 mediums covered approximately 4/5 of their re- 
spective totals, ranging from 78.4 per cent of the chemical 
and ceramic to 81.5 per cent of the civil engineers. Me- 
chanical and industrial engineers reported relatively 
higher percentages of jobs obtained through an engineering 
society, a private employment agency, and newspapers. 
The most significant differences, however, will be noted 
for “medium not reported” and “‘any other medium.” 
Thus, only in the case of civil, and mining and metal- 
lurgical engineers did “any other medium’ embrace 
smaller proportions than those classified under “medium 
not reported.’ For the other 3 professional classes, this 
condition was reversed. Any other medium may well 
include a substantial number placed through their colleges, 
a point not covered in the questionnaire and one likely to 
affect the percentage noted in this classification. 

Although the percentage distributions for the remaining 
avenues to employment do not embrace large numbers of 
each professional class, relatively they do present some 
striking contrasts. Only 2.4 per cent of all engineers 
reported that they obtained their positions through an 
engineering society. Some 3.7 and 2.7 per cent, respec- 


* An article prepared by Andrew Fraser, Jr., of the Division of Hours, Wages, 
and Working Conditions, Bureau of Labor Statistics, United States Department 
of Labor, which article was published in the May 1937 issue of Monthly Labor 
Review. Articles reporting other phases of this survey were published in 
ELECTRICAL ENGINEERING as follows: ‘‘Professional Aspects of Engineering 
Education,” August 1936, pages 863-7; ‘‘Unemployment in the Engineering 
Profession,” February 1937, pages 216-23; “Employment in the Engineering 
Profession,’ May 1937, pages 524-31. A detailed report of the survey will be 
published later in bulletin form by the Bureau of Labor Statistics. 


1. The numbers reported in this article as engaged in engineering work in 
December 1934 cannot be compared with those shown in the discussion of 
employment. The former were derived from all of the 35,890 engineers who 
reported the field of engineering in which they were engaged. The discussion 
of employment dealt with all those older engineers who reported in the 3 years 
1929, 1932, and 1934, and all 1930-32 engineers who reported in the years 1932 
and 1934. The grand total, including the 1933-34 engineers, was 35,675. : 

Of the 35,890 engineers who gave income data in their special field, 331 did 
not report the year of their birth. Hence, 35,559 constitutes the base for all 
subsequent relationships with field of engineering engaged in. But 1,458 of 
these engineers did not report as to type of work engaged in, and hence 34,101 
was used as a base figure for all subsequent relationships with functional classi- 
fication. 
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tively, of the mechanical and industrial, and mining and 
metallurgical engineers were so classified. For the 3 
remaining professional classes, the percentages ranged 
from 1.4 to 1.9. Despite the fact that so few engineers 
reported an engineering society as their employment 
medium, it must be recognized that such societies are an 
important factor in obtaining employment for professional 
engineers. It is obvious that through their members 
there must inevitably be a pooling of information on 
employment prospects, both locally and nationally. 
Furthermore, the officials of the various societies are 
kept in close touch with local and national employment 


Table |. Distribution of All Engineers Reporting Medium 
of Obtaining Employment, by Professional Class, at End of 
1934 


Engineers Utilizing Each Specified Medium 


Civil, 


Agricul- Me- 
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conditions as a result of their meetings and conventions; 
but such appointments as are made would depend rather 
upon personal contacts and recommendations than upon 

contacts made through the society’s employment service. 
- The fact, therefore, that only 2.4 per cent of all engineers 
reported the engineering society as their medium of 
employment must be interpreted in the light of these 
conditions. 


656 


Security of Engineering Employment 


The securing of employment through newspapers and 
technical journals was reported by 1.6 and 1.0 per cent, 
respectively, of all engineers making returns. It will be 
noted however that, relatively, electrical and mechanical 
and industrial engineers found more jobs through news- 
papers than did any of the other professional classes; this 
medium was reported by 1.8 per cent of the electrical and 
2.6 per cent of the mechanical and industrial engineers, 
whereas, among the other classes the highest percentage 
was 1.1. On the other hand, technical journals as a 
medium of employment were of more assistance to chemi- 
cal and ceramic engineers (2.1 per cent); among the re- 
maining professional classes percentages ranged from 0.9 
toy l:2. 

Private employment agencies were used by only 1.6 
per cent of all engineers reported. When considered 
together, the 2 public employment agencies embraced 
approximately the same proportion. namely, 1.5 per cent. 
A similar comparison among the 5 professional classes 
showed that, relatively, public agencies were of more 
importance to civil engineers, of whom 2.4 per cent so 
reported, whereas the next highest percentage was 1.0 
per cent for mechanical and industrial engineers. Only 
0.8 per cent of the civil engineers used private employ- 
ment agencies to obtain jobs, but 2.9 per cent of the 
mechanical and industrial engineers did so; for the remain- 
ing professional classes, the percentages ranged from 1.1 
to 1.9 per cent. 


Economic Security in the Engineering Profession 


A written contract of employment and pension privi- 
leges are 2 important criteria of economic security. The 
efficacy of any such schemes, however, depends to a 
marked extent upon the nature of the employment. 
This is demonstrated by a comparison of the data con- 
cerning economic security among professional engineers 
who reported being engaged in public engineering, per- 
sonal service, and private engineering. 


CIVIL-SERVICE STATUS 


The importance of civil-service status as a factor in sta- 
bility of employment is shown in table II. Despite the 
fact that, in all, 11,177 of the engineers reporting 
were in the employ of public authorities in December 
1934, only 45.0 per cent reported being under civil 
service. The proportion of all engineers with civil- 
service status was 48.4 per cent for positions under the 
Federal Government, and for employment with state and 
county, and municipal and other public authorities, 36.1 
and 45.6 per cent, respectively. This percentage under 
civil service of these engineers employed by the Federal 
Government was higher than in the 2 other public employ- 
ments, despite the enormous increase in Federal Govern- 


ment employment by December 1934, because of the ~ 


amount of temporary employment under the work-relief 
programs; it may be assumed that relatively few engineers 
so employed would be classified under civil service. Con- 
sequently, under normal circumstances, the proportion of 
all engineers under civil service with the Federal Govern- 
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ment would be higher than 48.4 per cent. With regard to 
the other 2 classes of public engineering, it may be recalled 
that the numbers of engineers so engaged remained com- 
paratively stable over the period 1930-34. Hence, the 
proportions reported being under civil service are repre- 
sentative of the situation. 

The relative proportions of each professional class under 
civil service differed very markedly among the 3 classes of 


2 years, and only 0.9 per cent for 2 years or more. Engi- 
neers who did not report as to period of contract formed 3.7 
per cent of the whole. No less than 91.1 per cent either 
answered ‘“‘no”’ or did not furnish specific information. 
Comparison of the positive returns on employment 
contract from all engineers in the 3 broad fields of engineer- 
ing activity shows that use of the contract was most 
common in personal service—primarily education. 


Table Il. Distribution of All Engineers Reporting as to Civil-Service Status, by Field of Activity and Professional Class, at 


End of 1934 
Number Per Cent 

Without With Not Without With Not 

Field of Employment and Professional Class Total Status Status Reporting Total Status Status Reporting 
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public engineering employment. The smallest range 
occurred in Federal positions—from 45.1 per cent for 
electrical engineers to 62.0 per cent for mining and metal- 
lurgical engineers. These 2 professional classes also con- 
stituted the extremes of the range of the proportions 
embraced by municipal governments, but in reverse order. 
Thus, of the mining and metallurgical engineers in munici- 
pal employment, 30.4 per cent, and of the electrical 
engineers, 57.1 per cent, had civil-service status. Rela- 
tively, the smallest numbers of each professional class 
under civil service were found in state and county govern- 
ments. This is best exemplified by the comparative data 
for civil engineers; of their number 47.9 and 43.8 per cent, 
respectively, in Federal and municipal employments but 
only 38.0 per cent in state and county positions had civil- 
service status. But since the civil engineers comprised 
approximately 80.0 per cent of the 5,038 engineers under 
civil service, obviously such a status is a significant 
contributory factor to the stability of employment. 


Tue EMPLOYMENT CONTRACT 


For the engineering profession as a whole, the data in 
table III clearly evidence a lack of economic security in 
terms of a written contract which would secure employ- 
ment over a substantial period of time. In all, only 3,169, 
or 8.9 per cent, of the 35,559 engineers who reported em- 
ployment in an engineering field’ were covered by a written 
contract. Of these, some 0.8 per cent had a contract for 
less than 1 year, 3.5 per cent a contract for between 1 and 
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Security of Engineering Employment 


For engineers under contract in the personal-service 
field the most common contract period (reported by 25.6 
per cent of the 2,778 engineers so engaged) was from 1 to 
2 years. Some 4.0 per cent were under contract for periods 
of 2 years or longer. Although the corresponding per- 
centages for public engineering were much lower than for 
personal service, they were higher than for private engineer- 
ing. For employment contracts under 1 year, however, 
private exceeded public engineering (1.0 per cent, as 
against 0.5 percent). Of all reporting engineers engaged in 
public engineering, 2.0 per cent had contracts for 1 and 
under 2 years, and 1.1 per cent for periods of 2 years and 
over. The corresponding percentages for private engineer- 
ing were 1.4 and 0.5 per cent. 

For the separate fields of activity under private engineer- 
ing, relatively the largest proportion of engineers under 
contract in their jobs occurred in manufacturing, with 408, 
or 3.8 per cent, of the 10,888 reporting as so engaged. In 
the construction and extractive industries 3.0 and 2.0 
per cent, respectively, had written contracts. The smallest 
proportions under contract were reported by engineers in 
the employ of public utilities or engaged in transportation 
(1.1 and 0.9 per cent, respectively). In public engineering, 
there was a marked contrast in contract status between 
Federal positions and those in the 2 other categories of 
public engineering. Thus, while only 2.3 per cent of the 
4,649 reporting engineers in Federal employ were on con- 


2. Throughout the whole of this discussion, only engineering employment is 
considered. Consequently, no cognizance has been taken of the economic 
security of engineers engaged in nonengineering employment. 
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Table Ill. Distribution of All Engineers Reporting Employment Contract, by Field of Employment at End of 1934 


Number Per Cent 
Under Contract for— Under Under Contract for— Under 
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Field of Employment Total Year 2 Years Over Reported Reporting* Total Year 2Years Over Reported porting* 
BL elds ao is saceetian on erate nara Bin eines oie wns 35,559....+ 29 Ora rene L,2340. re: BS Omprad: SS RORG Sao 32,390)...:, 100.0 OLS el tOvOmtets HOLD an Online 91.1 
Private SNZiNGETING. 2. erste cn viens sees wae 21604. ce PPS Occ, DOS aan, OOu Ge 63i7eraaee 2035850 deo 100.0 tinh Ol recog Lares Oc One 2:9 ee 94.2 
Constructions wiry ies Ae lpasis ees 3°43 eerie BZ hake 63neee NF reve 1 Me rt GPO. A ano 100.0 50.9). eee USE eae. Ooi Bie as 93.7 
PEXUPACtEVE TIGUSELICS ce oycse ess cise susie caravans M84 len tana WN Se es Db arte 6see.28 60ers pee Re 100.0 2) Orr teccine!l olesene ye Occ 3:0 nee 94.7 
Pee Ch COS ose ais fale ce: wie, ae wie avers ele hr nls 4,183 Sone LGA Die eens Shur eas 50 ewes 4,088..... 100.0 5 OE Fut, A OLSlas OL Sree Ny Jaace ee. 2 97.7 
PPVONSHOltatiOlt a. costes fetuses oars ee eee 250% ose Dusen By as Die b hy rrr A WPA ep 100.0 ei OcAee brs, kya, ORB ares Oana L42aa-6 97.7 
Manufacturing iiecn.acuimtice ase 10,888..... 143 eee 189s ee WANS Ae BUC cao KORE oa 5 100.0 soo deAs ese | LedioeenO sarees 3: One 92.6 
Publiciengineering. mi eriesisele ce erase j Uc DA Uy fo A ae Bora ss 224..... Oreste PRN ire seh nt WAS ee 100.0 We a rpg BU eisiearcaral hell voe.Osre ee 93.8 
Federal Government.................. 4,649..... Bioinc ao cee ae SE cere VU Siliae.. 2h 4035 One 100.0 ONT ae cree! O)e eae ONG o GeO eres 93.8 
State and county governments.......... 4,438..... US aeseee WOT ie, he SOAs Silane ALG iieeeen: 100.0 O.3} sie, 22 Seeyecnie ll + L.8 sues 94.0 
Municipal governments..............-. 2Z090ne ere Space LY Maracas. Olen Soe O58) thos 100.0 OL 2s ert eed eee ec 6 Oca 93.7 
Personal service wer fcnce ness foes os Sou DAM he Bciciee OOD cua Winer VEO seers CON a nars 1 54820255 100.0 ae | oO Onn we lO BURKE e ae 55.7 


* Also includes those who reported ‘‘no,’’ which number could not be separated in the tabulation. 


tract, the proportion working on this basis for state and 
county, and municipal governments formed, respectively, 
4.2 and 4.7 per cent of their grand totals. 

The type of work in which engineers under contract 
were engaged is presented in table IV. In general, the 
distribution followed the same trend as shown in table 
III, that is to say, the largest groups had written con- 
tracts for periods from 1 and under 2 years. Table IV also 
confirms the previous finding that engineers engaged in 
teaching are relatively more secure with regard to employ- 
ment than other members of the engineering profession: 
33.8 per cent of their number reported written contracts 
for periods of from 1 to 2 years. Sales employments, next 
in order, had under contract for a similar period only 3.9 
per cent of their 1,513 reporting engineers, and general 
administration and management only 2.3 per cent. Each 
of the other functional classes had less than 2.0 per cent. 
Even for the contract periods of 2 years and over, teaching 
covered 4.8 per cent of the total reported for this functional 
class. The next highest percentage, namely, 1.5, was 
reported for general administration and management. In 
no one of the remaining employments did the percentage 
of engineers with written contracts for 2 years and over 
exceed 0.8 per cent. 

Thus, with regard to fields of activity or the functional 


classes within them, the engineering profession cannot be 
said to have any substantial security of employment pro- 
vided through a written contract for a period of time. 
However, professional engineers are not generally restricted 
with regard to the seeking of employment similar to that 
in which they may be engaged. This is evidenced by a 
consideration of the data furnished by professional 
engineers concerning their separation-contract status 
(tables V and VI). 

Only 1.4 per cent of all the reporting engineers stated 
that they were under a contract for a definite period of 
time during which they bound themselves not to seek 
similar employment. This included 0.8 per cent whose 
separation contracts were for less than 1 year, 0.2 per cent 
for a period of from 1 to 2 years, and 0.4 per cent for 2 
years and over. Clearly, restrictions upon professional 
engineers with regard to new employment were few. 

It may be noted in table V, however, that 2.1 per cent 
of the reporting engineers in personal service were under 
separation contracts for less than one year, whereas the 
proportion in extractive industries and manufacturing was 
1.0 per cent each. The reason for the relatively greater 
use of the separation contract in personal service is not 
clear. In extractive industries and manufacturing, the 
use of secret processes probably makes necessary some 


Table IV. Distribution of All Engineers Reporting Employment Contract, by Type of Work Engaged in at End of 1934 


— 
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* Also includes those who reported ‘‘no,’’ which number could not be separated in the tabulation. 
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Table V. Distribution 


of All Engineers Reporting Separation Contract, by Field of Employment at End of 1934 


Number Per Cent 
Under Contract for— Under Under Contract for— Under 
Contract, Contract, 
Under land 2 Years No Under land 2 Years No 
, 1 Under and Period Not 1 Under and Period Not Re- 
Field of Employment Total Year 2 Years Over Reported Reporting* Total Year 2 Years Over Reported porting* 
ATemploy ments anoint ses ars 35)559) ore PA seieenee Ui ersten ae WARTS ais OD a eee 34,07 Qari 100.0 ..0.8 . 0.2 O:4 are 0:3 . 98.3 
Private engineering...................21,604...... PSO inser tre W240 OS nae 4 Ug ecm 100.0 ~ OSs neOlS ..0.6 . 0.2 28 98:2 
(QayR rasa Way a age ao nO nO can Sree ae oY A ic os a ee OE CN Sistas 10. 8 OS oe ied ad: 100.0 TOO cee Old 2 Oi2 . 0.3 OSD 
Extractive industries............... Be ce, eects IO Aes 1 LA eecae Ne Aare y Nore en WSilSeciace = 100.0 SE LO. Oe. Pe Ole tee Ole . 98.6 
Pihliemitilitiesees owe mttaer viaccess Py LO Oumececstisy. UG oneacrs DASA eae Digits y esr rs BUDO ies tat NOOO. aio chad Qua aS wae or (CHignevocn Osa 99.5 
TAuNsSDOLtAiOM sonics scree aie =) a5 Veo Oma PD 1 Be EEA TET ERE OTC De 1-45 BS Cooma NOWKUS aS & (Ops ak nee focus ot AC GlOr ne COLOR O 0.2: fe 99.6 
Mantfiacturing 0.05. 6c ene me 5 3 10, 888% 2 3%. DS ga OO: peer AU QHeAe aoe ee Seat VOVDSS8ie ou 100.0 eel Orres e0l0 WOE As 55 LOY Seif 
Public engineering. ......... 0.022 eee a LU TSS BF Gf fice cas BOE six Olsens Diners 2G aa ea T1006. ao LOOLO rea. O4ss.c004% Cyan Uy 6 Leesan aie OsZeaen 99.4 
Federal Government............... ANG4 OR cera AG etn. Dieta. ie Dik sae, Be ies DODO). 3 oG.he 100.05... Olson CG Oteee He, 3 GO line, Saeee Omer 99.5 
State and county governments....... 4,°438...... Di cnt VR cote Set ty 1Oioaactas AP AOO er ateee NOWHO. caooe OiGie st kere. (G A ratentectsccestne-o tiled OL oe 99.2 
Municipal governments............. DOO See soe i ene ae Mie titty om eerie eee Siar Di OMA een. 1LO0Oeeewe OrSiccarnes GPs premio aon oon OF eee 99.3 
PP ereOH al SELVA Ce nk Heeiekse eR 0 Ca Mid Gite ash Sila ita. Tatras Qe ete: Silyecyete, ah 26S ewe 100.0 eee 70:3: ov Os sn Oud 96.4 


* Also includes those who reported ‘‘no,’’ which number could not be separated in the tabulation. 


+ Less than !/10 of 1 per cent. 


protection for the employer. It is evident, however, that 
even for these fields such a contract is seldom required. 
This freedom from restriction with regard to other em- 
ployment is also apparent from table VI. Only 2 functional 
classes—teaching and sales—covered more than 1.0 per 
cent of their respective totals, and in neither did the 
period of contract exceed one year. In the teaching 
profession 2.5 per cent of the engineers were under sepa- 
ration contract and in sales 1.9 per cent; none of the 
other groups exceeded 0.8 per cent. Notwithstanding, it 
is significant that some 0.7 per cent of the engineers en- 
gaged in design and research were under separation con- 
tract for periods for 2 years and more. 


PROVISION FOR RETIREMENT ON PENSION 


An analysis of the data furnished by professional 
engineers concerning their pension privileges is presented 
in table VII. As of December 1934, 10,641, or almost 
1/3, of the 35,559 professional engineers reporting who had 
engineering jobs at that time stated that they had pen- 
sion privileges. Of this number, 6,684, or 18.8 per cent, 
were covered by contributory pension schemes, and 3,957, 


or 11.1 per cent by noncontributory schemes. Some 57.8 
per cent were in employments for which no pension pro- 
vision had been made. About 12.3 per cent did not furnish 
information. 

Of the engineers in pensionable positions, the smallest 
relative proportion, 26.2 per cent, were engaged in private 
engineering. By contrast, 37.4 per cent of the engineers 
engaged in public engineering and 29.0 per cent of those 
in personal service had pension privileges. It may be 
noted also that for public engineering and personal service 
the contributory scheme predominated. Of the engineers 
engaged in private engineering, the largest proportion was 
covered by noncontributory systems. However, within 
the private-engineering group marked differences were 
shown; the same was true of the 3 categories of public 
engineering. 

The largest number of professional engineers covered by 
a pension plan were those in the employ of the Federal 
Government. Out of a total employment of 4,649 
engineers reporting, 43.2 per cent were under a contribu- 
tory and only 5.3 per cent under a noncontributory plan. 
The corresponding proportions in positions with state and 


Table VI. Distribution of All Engineers Reporting Separation Contract, by Type of Work Engaged in at End of 1934 


Number Per Cent 
Under Contract for— Under Under Contract for— Under 
Contract, Contract, 
Under 1and 2 Years No Under land 2 Years No 
1 Under and Period Not 1 Under and Period Not Re- 
Type of Work Total Year 2 Years Over Reported Reporting* Total Year 2 Years Over Reported porting» 
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Meachisl gue cena: keds sete emetic eran nile DOSOn eames SON Beio paees Gitenee cer reer. BAG cea WOG 2M Be LOOLO Recess OP oe nha eS eesetonrener Rite Wai Fie. 4 95.7 
Sey hsbc ote Mena aoe DOES oan uracne fy OS eine DS rnin Giereme Di aeuse te 1 oo si Raa tomne. 100.0 ee Ole eee OLE ..0:3 iO Loe ae Olgo: 
General administration and man- 
AB EMIGME secrete tere rae e eels DS 83 meee DOr gts Geontseus DEL tus exe Ce Oe DT ODcevata aye 100.0 = SOC . .0.2 OFA yee ONL eee sO. 
* Also includes those who reported “no,” which number could not be separated in the tabulation. 
+ Less than 1/10 of 1 per cent. ' 
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county, and municipal governments were very much 
less—26.9 and 1.3 per cent, respectively. For municipal- 
government employment the figures were 29.9 and 2.4 
per cent. This order of difference parallels that of the 
proportions of engineers under civil service in these 3 
classes of employment, but only in the case of the Federal 
Government are the 2 proportions closely related. This 


was true of the largest group in each case, except in 
manufacturing where the highest proportion (30.1 per 
cent) reported that they had no rights to patents relating 
to their work, but did retain their rights to those not 
directly related to their work. This latter combination 
[‘‘(1) no; (2) yes,” in table VIII] ranked second in impor- 
tance and included 16.9 per cent of the 35,559 engineers, 


Table VII. Distribution of All Engineers Reporting Pension Privileges, by Field of Employment at End of 1934 


Number 


Per Cent 


Pension Privilege 


Pension Privilege 


Non- Non- 

No Contributory contributory Not No Contributory contributory Not 

Field of Employment Total Pension Plan Plan Reporting Total Pension Plan Plan Reporting 
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arises from the fact that, whereas all persons under 
Federal civil service must contribute to the retirement 
fund, this is not true to the same extent for employments 
under state and county, and municipal governments, 
where age, length of service, and salary are also taken 
into consideration. 

Among the remaining fields of activity, public utilities 
and transportation reported the next highest proportions 
(after Federal employment) as having pension privileges. 
Public utilities and transportation used the noncontribu- 
tory scheme; this type of plan covered 37.2 per cent in 
utilities and 33.1 per cent in transportation; contributory 
systems covered only 8.2 and 9.6 per cent, respectively, of 
those reporting. For the 3 remaining pursuits shown 
under private engineering, the largest number of engineers 
with pension privileges did not exceed 25.7 per cent, and 
in all cases contributory schemes predominated. 

From the preceding discussion of the pension privileges 
it is quite evident that the kind of employment has a 
marked effect upon the question of the installation of a 
pension scheme. In no type of engineering employment 
was a majority of the reporting engineers protected by 
such a plan. 


Patent Privileges in the Engineering Profession 


Information as to patent privileges was furnished by 
61.6 per cent of the 35,559 reporting engineers with 
engineering jobs at the end of 1934 (table VIII). Of all 
engineers covered, 31.7 per cent reported retention of the 
patent rights for all inventions made either in the course 
of their work or in fields not directly related to their 
work. Among the nine separate fields of employment this 
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The third group in importance (including 4,575, or 12.9 
per cent) was that reporting complete restriction on both 
aspects of patent privileges. Only 42 engineers, less than 
0.1 per cent of the total, reported that they retained the 
rights to inventions connected with their duties but not to 
those not so connected. 

It would seem that, comparatively, there is only slight 
restriction on the retention of patent rights among pro- 
fessional engineers, although its extent varies in the dif- 
ferent fields of employment. Thus, relatively the greatest 
restriction was placed upon engineers engaged in manu- 
facturing 19.0 per cent of whom reported complete restric- 
tion, 30.1 per cent the right to patent inventions not 
directly related to their work but not to those made in the 
course of their work, and only 23.1 per cent no restrictions. 
In the extractive industries the limitations, while less 
severe than in manufacturing, were nevertheless greater 
than in any of the other branches of private engineering. 
Complete restriction was reported by 15.6 per cent of the 
engineers in the extractive industries, by 11.8 per cent of © 
those in construction, and by 11.4 per cent of those in 
transportation; the smallest proportion, 8.9 per cent, was 
reported for engineers in the employ of public utilities. 

It has already been noted that in manufacturing, some 
30.1 per cent of the engineers so engaged had the right to 
patent inventions not directly related to their work, but 
not to those made in the course of their work. This 
partial restriction was very much less for the remaining 
fields of activity in private engineering. In extractive 
industries, only 18.6 per cent so reported, in transportation 
17.3 per cent, and in public utilities 16.0 per cent. Partial 
restriction affected only 8.6 per cent of the engineers 
engaged in construction. These same 4 fields of activity, 
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however, did report larger proportions as being unrestricted 
with regard to patent privileges. These ranged from 32.6 
for extractive industries to 42.4 per cent for public utilities. 
In this regard, it may be recalled that only 23.1 per cent 
of the engineers in manufacturing so reported. 

In the 3 classes of public engineering, there was a marked 
divergence in the restrictions placed upon patent privi- 
leges. This was greatest for engineers in the employ of 
the Federal Government, 12.2 per cent of whom had no 
patent privileges whatsoever, whereas iu state and country, 
and municipal governments only some 9.0 per cent were 
under complete restriction. Partial restriction affected 
12.5 per cent of the Federal Government engineers, but 
only about 5.5 per cent of those in the other 2 public 
employments. The greatest divergence occurred for those 
engineers who reported they had the right to patents 
made in the course of their work and also to those not 
directly related to their work. This group included only 
21.7 per cent of Federal Government engineers, whereas 


Table VIII. Distribution of All Engineers Reporting Patent 
Rights, by Field of Employment 


Right Retained to Inventions (1) Made in the Course 
of Work, and (2) Not Directly Related to the Work 


Not 
(1) Yes; (1) Yes; (1) No; (1) No; Report- 


Field of Employment Total (2) Yes (2) No (2) Yes (2) No ing 
Number 
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for state and county, and municipal governments the per- 
centages reported were, respectively, 35.8 and 36.7. 
Relative to all other fields of activity, the least restric- 
tions were found in personal service, where 50.4 per cent 
reported unrestricted patent rights, 9.7 per cent partial 
restriction, and only 5.3 per cent no patent privileges. 
This freedom from restriction in the retention of patent 
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rights for engineers in the personal-service group was due 
to the preponderance of teachers in this group, as examina- 
tion of table [X shows. 

Engineers engaged in teaching were under the least 
restriction as to the retention of patent rights, and 


Table IX. Distribution of All Engineers Reporting Patent 
Rights, by Type of Work Engaged in at End of 1934 


= 


Right Retained to Inventions (1) Made in the Course 
of Work, and (2) Not Directly Related to the Work 


Not 
Report- 


(1) Yes; (1) Yes; (1) No; (1) No; 
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+ Less than 1/10 of 1 per cent. 


engineers in design and research were under the greatest 
restriction. Of the 9,050 engineers classified as working 
in design and research, only 23.5 per cent had the right 
both to patents made in the course of their work and those 
not directly related to their work. As many as 55.3 per 
cent of the engineers engaged in the teaching of engineer- 
ing subjects so reported. For the remaining 5 lines of 
work, the proportions with full rights to patents ranged 
from 29.9 per cent in sales to 33.6 per cent in general 
administration and management. 

Relatively, the largest proportion of engineers who were 
partially restricted in regard to patent rights (26.6 per 
cent) was reported for design and research. Even in the 
case of sales, some 20.5 per cent were classified under 
this “‘no-yes” combination. By contrast, only 18.1 per 
cent of the engineers engaged in operation and 16.0 per 
cent in general administration and management were 
restricted only as to patents relating to their work. The 
corresponding proportions in construction, consulting, and 
teaching were very much less, ranging from 8.7 in con- 
struction to 9.7 in teaching. 

The largest relative percentage completely restricted 
was 19.4—for the engineers engaged in sales—with design 
and research following next in order (15.8 per cent). From 
this point the proportion ranged downward to 13.4 per 
cent in operation, 12.1 per cent in general administration 
and management, 11.5 per cent in consulting, and 10.8 
per cent in construction. The lowest percentage under 
complete restriction, namely 4.4, was noted in teaching. 
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The Ultrahigh-Frequency Domain 


By ALFRED N. GOLDSMITH 


FELLOW AIEE 


HE  ultrahigh-frequency 
Tews have attracted con- 

siderable attention of late. 
It is but natural that educators 
have frequently considered the 
possible application of these 
waves for local educational 
broadcasting. In some quar- 
ters the optimistic thought has 
been expressed that in this new 
domain there will be space for 
the establishment of almost 
any number of local educa- 
tional broadcasting stations. 
It will be attempted later in 
this presentation to analyze 


short distances. 


the probability of the successful execution of such a plan. 


Frequency Regions for Broadcasting 


The radio waves referred to as lying in the “ultrahigh- 
frequency domain” are, broadly speaking, those having a 
wave length less than 10 meters. They result from elec- 
trical oscillations having frequencies greater than the 
extremely high value of 30,000,000 cycles or oscillations 
in each second. The waves in the existing broadcasting 
band—that is, the so-called ‘“‘medium waves’—have 
lengths lying between about 200 and 550 meters, and 
correspond to electric oscillations of a frequency in the 
general neighborhood of 1,000,000 cycles per second. 
Lying between the medium waves for broadcasting and 
the ultrahigh-frequency domain are the short waves which 
are so effectively used, among other purposes, for trans- 
oceanic and transcontinental communication. 

There is one additional region used for broadcasting, 
namely, that of the longer waves in the neighborhood of 
1,500 meters, having a frequency of about 200,000 cycles 
per second. These waves are not used for broadcasting 
in America although they have had considerable applica- 
tion in Europe. 

Thus there are, so to speak, 4 domains of possible 
interest for modern broadcasting. These are the long 
waves, having frequencies of the order of 200,000 cycles 
per second; the medium waves (so widely used in the 
United States), having frequencies of the general order 
of 1,000,000 cycles per second; the short waves, having 
frequencies of the order of 10,000,000 cycles per second; 
and, finally, the ultrashort waves, which have the ultra- 
high frequencies of from 30,000,000 to several hundred 
million cycles per second or even more. 

It was hinted that the short waves were not widely 
useful for national broadcasting. They do serve admir- 
ably to cover the great distances required to span oceans, 
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Use of ultrahigh frequencies for educational 
broadcasting has been thought to offer attractive 
possibilities because of the supposedly almost 
unlimited number of channels; 
demands of other radio services, particularly 
television, may be expected to congest this 
newly opened region. 
waves behave somewhat like light waves, and 
give reliable and steady communication over 
The 6-megacycle band width 
required for television can be accommodated 
only in this region, but short range precludes, for 
the present, coverage of rural areas with these 
frequencies. 


but they give a relatively poor 
local service and create so 


interference at distant points 
in other countries when they 
are used for primarily local 
broadcasting that it seems in- 
appropriate to regard them as 
a proper means for completely 
carrying out national broad- 
casting in such countries as the 
United States. 

Accordingly, so far as future 
expansion of the broadcasting 
realm is concerned, attention 
must be concentrated on the 
ultrahigh-frequency domain. The nature of these waves 
is worth considering more fully. To begin with, they 
are a good deal more like visible light than are the short, me- 
dium, or long radio waves hitherto used. By this is meant 
that these waves are more readily blocked by obstacles 
which would stop light; are reflected by objects somewhat 
like those which would reflect light; and have somewhat 
of the reliability and steadiness of transmission which light 
waves attain in the absence of fog or material obstacles. 


however, the 


Ultrahigh-frequency 


Ultrahigh-Frequency Transmission 


Broadly considered, an ultrahigh-frequency  trans- 
mitting station acts like a sort of radio lighthouse. Its 
rays travel outward in all directions toward the horizon 
and are best received along the “‘line of sight.’’ For this 
reason it is common and approved practice to place the 
ultrahigh-frequency transmitting stations on the top of 
the tallest structure which may be available and also to 
place them, as nearly as practicable, in the center of the 
region which they are intended to serve. The higher the 
location of the transmitting station, the greater the range 
of satisfactory transmission. 

It is true that the ultrahigh-frequency waves do not 
stop completely at the horizon but can be received, though 
with diminished strength and increased unsteadiness, at 
distances considerably beyond the optical horizon. It is 
also true that occasionally these waves may ‘‘fade’’ 
beyond their normal range, that is, fluctuate rapidly in 
their strength at the receiving station. 


Essentially full text of an address presented at the First National Conference on 
Educational Broadcasting, Washington, D. C., December 10-12, 1936. 
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considerable an amount of — 


It has been reported that the occasional range of trans- 
mission and reception of the ultrahigh-frequency waves 
may be very considerable. Distances from 100 to several 
thousand miles have been cited in this connection. How 
frequently such extreme ranges may occur and upon what 
physical factors they depend are not yet known with 
certainty. Accordingly, a proper precaution is to suspend 
judgment as to the extent to which these facts will in- 
fluence the allocation of the ultrahigh frequencies. 

Nevertheless, taken by and large, the ultrahigh-fre- 
quency waves work best to distances little beyond the 
visible horizon, produce a steady and reliable signal with 
a minimum of distortion of the material transmitted 
(whether televisual or telephonic), and are relatively free 
from erratic changes in transmission.’ It is fair to state 
that, as a rule, the ultrahigh-frequency waves are trans- 
mitted with somewhat of the steadiness and constancy 
to be attained in a properly designed wire or cable system 
operating under the most favorable conditions. 

Another fortunate aspect of the ultrahigh-frequency 
waves is the relatively low level of natural interference. 
It is well known that atmospheric electrical disturbances 
trouble radio listeners on the medium waves during the 
summer months, even in the northern portions of the 
United States. The ultrahigh-frequency waves, on the 
contrary, are little troubled from this source, though a 
number of man-made devices (such as the ignition systems 
of some automobiles and medical diathermal equipment) 
may cause serious interference with the reception of these 
waves at points near the outer limits of their service range. 
Fortunately automobile ignition systems can be shielded, 
and there is little doubt, should ultrahigh-frequency 
waves become widely used for broadcasting to the public, 
that the automobile industry will likely co-operate by 
taking such measures as will reduce ignition interference. 
Possibly diathermal outfits will be given their own 
assigned frequency, thus preventing most of the interfer- 
ence caused by them. 

While the ultrahigh-frequency waves give reliable and 
steady communication, their service range, as indicated, 
is usually limited to distances of the order of several tens 
of miles from the transmitter. The questions will natur- 
ally be asked: Why should these waves be used in broad- 
casting? With their limited range what compensating 
advantages do they display? What can be accomplished 
by their use which cannot be otherwise accomplished? 
What broadcasting opportunities are thus offered? And 
what broadcasting methods, of special interest to educa- 
tors, can thus be realized? 


Widths of Frequency Bands for Communication 


Before answering these questions it is necessary to con- 
sider briefly the demands made upon radio transmission 
capabilities by the various forms of communication. The 
simplest form of communication is telegraphy—by dots 
and dashes. This requires a limited band of frequencies or 
“space in the air.” Actually a few tens, or at most hun- 
dreds, of cycles per second are required next to one or both 
sides of the so-called carrier wave by telegraphic com- 
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munication. Telephonic communication—the transmis- 
sion of speech or music—makes more severe demands. In 
this case the frequency band required (that is, the so-called 
“side band”) is about 10,000 cycles wide. The demands 
of facsimile communication—the transmission of drawings, 
printed text, writing, or photographs in the form of a 
record—requires perhaps a half or a third as much space 
for the corresponding frequengy band as telephony. 
Then there is television, which is the most difficult of the 
communication arts. This is the transmission of pictures 
in motion, in transient form (that is, not recorded). The 
side band in this case rises in width to millions of cycles. 
For example, a side band about 2,500,000 cycles wide is 
believed to be required for really acceptable television 
pictures. 

The difficulty of each of these methods of communica- 
tion is somewhat proportionate to the side-band width 
required as previously indicated. This must not be taken 
too literally. However, it is fair to say that television is 
much more difficult than either telephony or facsimile 
which, in turn, exceed telegraphic communication in their 
technical requirements. 

As hinted in the foregoing discussion, every transmis- 
sion of intelligence by radio is accomplished by using a 
carrier wave for transmission and by modulating or con- 
trolling this carrier wave in such fashion as to convey the 
intelligence in question. The result of this modulation, in 
the simplest case, is to add new side bands on each side 
of a carrier wave; these side bands occupy frequencies to 
the exclusion of the interference-free reception of other 
communications of comparable strength on the same fre- 
quencies in the same general locality. (For the moment, 
the capabilities and advantages of directional reception 
are not under consideration.) 

That television cannot be carried out, with adequate 
picture quality, on the medium broadcast waves becomes 
at once evident. Finding space on such waves, having an 
average frequency of a million cycles, for side bands several 
million cycles wide such as are required by television is 
not possible. It becomes necessary to go to the ultrahigh 
frequencies. If the carrier frequency has the ultrahigh 
value of say 50 megacycles there is obviously room on 
each side of this frequency for the side bands required by 
television, wide though such side bands be. 


Beam Transmission of Ultrahigh Frequencies 


It is also desirable, before answering the questions which 
have been posed, to consider one other useful characteristic 
of the ultrahigh-frequency waves. These waves are quite 
short and are accordingly readily focused, if desired, so 
that they may be transmitted primarily in a given direc- 
tion in a narrow beam. This is important whenever 
directional transmission and reception are required. A 
proposal has been made to use the ultrahigh-frequency 
waves for relay communications. In this process the 
transmission from a given station of these waves is picked 
up at a distant point by a corresponding receiving station, 
and the received signals are amplified powerfully by one 
means or another and then sent into a nearby second 
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transmitter which carries them along on their way to a 
further receiving station where the process of automatic 
relaying is carried out. Several such ultrahigh-frequency 
relay stations, each picking up its signal from the pre- 
ceding and sending it forward along the relay system, 
would constitute a sort of network. 

The difficulty experienced in using medium or long 
waves for the purpose.of radio relaying involves the 
problem of efficient transmission and accurate reception. 
In this respect the ultrahigh-frequency waves are nearly 
ideal. They can be readily concentrated in a given direc- 
tion toward the next relay station; and the amount of 
interference experienced in reception because of natural 
electrical disturbances is, as has previously been stated, 
relatively very slight and unimportant. For these reasons 
the ultrahigh-frequency waves lend themselves well to 
radio relay systems. 


Use of Ultrahigh Frequencies for Broadcasting 


To some extent the questions which have been pre- 
viously set forth can now be answered. First, as to the 
question: Why should the ultrahigh-frequency waves be 
used in broadcasting? The answer is that they show 
reduced distortion of quality, diminished interference 
from natural electrical disturbances, and a high degree of 
reliability of service within their normal range, which range 
is quite adequate to cover most urban and suburban areas 
or areas of corresponding size in rural regions. They 
require only reasonable amounts of power to accomplish 
such results provided the transmitting station is centrally 
located on the top of a high structure. Under usual con- 
ditions these waves do not cause severe distant interference 
and have only a limited “nuisance range,”’ in contradistinc- 
tion to the short and medium waves which sometimes 
cause interference at distances far beyond their range of 
useful reception. Further, the fact that the utilization of 
these waves might, if judiciously carried out and with due 
control, somewhat relieve the worst congestion now exist- 
ing on the medium broadcasting waves cannot be over- 
looked. In the foregoing statement it is believed that 
there has similarly been answered the question: With 
their limited range what compensating advantages do 
they display? 

The next question is: What can be accomplished by 
their use which cannot otherwise be accomplished? 
Through the use of ultrahigh-frequency waves it is pos- 
sible to have more local stations which would be substanti- 
ally noninterfering than would be the case if the medium 
waves were used. It is possible to establish more nearly 
constant day and night quality of service than is now the 
case. It is also feasible to maintain winter and summer 
reception on more nearly the same level of freedom from 
natural electrical disturbances. While it is true that 
man-made devices, such as automobile ignition systems 
and medical diathermal equipment, can interfere with 
ultrahigh-frequency reception, yet the reduction of such 
types of interference by organized planning, regulation, 
and industrial co-ordination offers greater possibilities 
than the elimination of natural disturbances—which 
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latter have proved extremely stubborn as to their elimina- 
tion by any methods of conventional sort requiring no 
increased width of frequency band for the corresponding 
transmission and reception. By the use of the ultrahigh- 
frequency waves it becomes at once possible to transmit 
telephone programs (that is, speech and music) on an 
extremely high-fidelity basis and, similarly, to receive 
these programs with such accuracy of reproduction in the 
home as will greatly enhance the clarity of speech and the 
naturalness of reproduction of music. Present-day broad- 
casting on the medium waves is greatly handicapped in 
its struggle to obtain high-fidelity transmission and recep- 
tion by the congestion of stations on neighboring channels 
only 10,000 cycles (10 kilocycles) apart. Actually 3 times 
this separation could be used to advantage were it avail- 
able—which it emphatically is not in a country like the 
United States where great areas must be covered, where 
numerous broadcasters insist on the privilege of trans- 
mission, and where occasionally political considerations 
may be urged in connection with the allocation of trans- 
mission frequencies. Broadly stated, more reliable local 
transmission, less interference from natural disturbances, 
a partial relief from certain types of congestion of trans- 
mission facilities, high-fidelity telephonic operation, and a 
steady and reasonably uniform all-day and all-year service 
can be anticipated from the ultrahigh frequencies. 


Use of Ultrahigh Frequencies for Television 


Perhaps the greatest opportunity offered by the ultra- 
high-frequency waves, namely, the introduction of tele- 
vision, has not as yet been analyzed. Here is one service, 
at least, which could not conceivably be carried out 
according to present knowledge on any but the ultrahigh- 
frequencies. Its side-band demands for an extraordinarily 
wide band of frequencies can be met only in this new 
domain. Since the visual services can reasonably be 
expected to add a great deal to the value of broadcasting 
as an educational medium in the broadest sense, there is 
no question but that the ultrahigh frequencies will find 
a wide and successful application for that purpose. 

Only very recently was reasonably good agreement 
reached among experts as to what constitutes an acceptable 
type of television. In a broad way the television picture. 
is described as having ‘‘a certain number of lines,’’ the 
lines being the parallel and adjacent paths over which 
moves the spot of light that creates the television picture. 
Initially as few as 24 lines were suggested for an acceptable 
television picture. Actually such a picture would be of 
the utmost crudity and capable of giving an extremely 
rough impression of only the simplest objects. As time 
went on, 45-line pictures and then 60-line pictures were 
proposed. In each case the almost pitiful inadequacy 
of such television pictures, so far as any educational or 
entertainment value was concerned, became fully evident. 
There then followed attempts to use 120 and 180 lines of 
television pictures and, for the first time, a slightly useful 
television picture was produced. However, present-day 
experimental practice here and abroad involves pictures 
having 343 lines or 405 lines, respectively (although some 
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attempts are still made to use 240-line pictures). The 
proposed standard for the United States is a 441-line 
picture. At its best such a picture may be described, 
crudely enough, as definitely better than a projected 
motion picture from 8-millimeter film and perhaps nearly 
or quite as good as a motion picture projected from 16- 
millimeter film. The television standards so far proposed 
as practicable cannot be expected to give results equal to 
those obtained in an auditorium, for example, by the pro- 
jection of 35-millimeter film. The pictures are mono- 
chrome—that is, essentially in black and white. Practical 
~ color television is a rather remote possibility and hardly 
one with which to be concerned for some time to come. 

If television pictures having numbers of lines of between 
300 and 500 are taken as a reasonable standard for the 
present, the side bands required for the corresponding 
transmissions are found to be extraordinarily wide as 
compared to those used for telephony. The proposed 
width for the side bands in the American television trans- 
missions will be about 2,500,000 cycles per second. Only 
in the ultrahigh-frequency domain of waves can be found 
a practicable resting place for such transmissions. Accord- 
ingly television must necessarily embrace the capabilities 
and accept the limitations which have been previously 

described as associated with ultrahigh-frequency trans- 
mission and reception. 

The establishment of a television transmitting station 
on the highest location in the region which is to be served 
is, nevertheless, unlikely to enable coverage over a range 
of more than a few tens of miles in each direction. While 
this is entirely adequate for most cities and their suburbs, 
it is certainly not adequate for the coverage of large rural 
areas where the concentration of lookers will be small 
and the distances to be covered will be great. 

It may be judged from this that methods should be 
found, if possible, to give to television services an adequate 
rural coverage although it must be admitted that, up to 
the present, the problem of so doing is formidable both 
technically and economically. One may also conclude 
that the medium-frequency telephone broadcasting sta- 
tions of today, while unable to render television service 
because of the limitations of medium-frequency transmis- 
sion as pointed out previously, will nevertheless necessarily 
remain the backbone, so to speak, of the broadcasting 
structure in so vast a country as the United States, at 
least for many years to come. From this the comforting 
thought may be extracted that the present broadcasters 
do not face an abrupt obsolescence of their stations which, 
so far as can now be told, will still render a useful rural 
service in the future. No present means of replacing the 
rural service in question by technically correct and 
economically feasible utilization of ultrahigh-frequency 
transmissions is known. However, even these problems 
may in time be solved to the advantage of ultrahigh- 
frequency methods. 


Facsimile Broadcasting 


Facsimile broadcasting is perhaps of particular interest 
to the educator since it is the only form of broadcasting 
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which offers a permanent record of textual and graphic 
material. It is a sort of radio printing press located in the 
home and capable of producing pages (and even books, if 
given reasonable time). Facsimile broadcasting could 
technically be carried out on the existing broadcast fre- 
quencies, that is, the medium frequencies. The side bands 
required are little different from those necessary for 
telephony. However, the congestion in the present broad- 
casting band is so extreme that it would be out of the 
question at this time to add other services in the present 
broadcasting band. The interesting suggestion has been 
made that facsimile broadcasting might be carried out 
during the early morning hours on the existing broadcast- 
ing band, the reproduced material on sheets of paper being 
available to the recipient as he awakens in the morning. 
Such a service has distinct limitations and would likely be 
useful, if at all, only during an interim stage of develop- 
ment and as a facsimile service to rural areas not readily 
reached by ultrahigh-frequency transmissions. 

If more or less continuous facsimile broadcasting is to 
be established in urban and suburban areas, it is more 
logical to expect that it will be associated with its related 
visual service—television. That is, facsimile broadcasting 
also finds a natural location in the ultrahigh-frequency 
domain. It must be left to the imagination of the educa- 
tor to envisage the numerous attractive possibilities of 
instruction and examination which are afforded by this 
type of broadcasting. However, the limitations of range 
of the ultrahigh-frequency waves must be kept in mind 
here, as well as in the case of television broadcasting. 


Availability of Channels in the 
Ultrahigh-Frequency Domain 


The likelihood of the successful establishment of a 
substantially unlimited number of ultrahigh-frequency 
educational stations for local broadcasting in a given 
neighborhood can now be analyzed. The television experts 
have reached the conclusion that the television-telephone 
channels must, for effective picture and sound transmis- 
sion, be about 6,000,000 cycles (6 megacycles) wide. In 
studying television standards the committee on television 
of the Radio Manufacturers Association has proposed the 
use of the frequencies between 42 and 90 megacycles for 
television transmission (excluding the amateur band be- 
tween 56 and 60 megacycles). In view of the impression 
which may exist that an indefinitely large number of tele- 
vision transmissions can be placed within this region it is 
interesting to know that there are only 7 available chan- 
nels, each 6 megacycles wide, in this whole requested band 
of frequencies! Where 2 cities, like New York and Phila- 
delphia, are about 100 miles apart, it is possible that tele- 
vision allocations would be so restricted as to provide say 
4 television transmissions for New York City and 3 for 
Philadelphia. Otherwise stated—and this is a rather 
startling and discouraging fact—there appears to be space 
at this time in the ultrahigh-frequency domain for fewer 
television-telephone transmissions in a given locality than 
there is space for the usual telephone broadcasting chan- 
nels in the existing medium-frequency band. Accordingly, 
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until even higher frequencies than 100 megacycles are 
available for satisfactory broadcasting of telephone, tele- 
vision, or facsimile material, it is unlikely that the average 
city can enjoy the privilege of simultaneous operation of 
more than a limited number of television-telephone trans- 
missions. It has been the unhappy experience in radio 
broadcasting that the opening of a new domain always 
appeared to offer an almost limitless opportunity for 
simultaneous and noninterfering transmissions but, after 
practical examination and test, it has turned out to offer 
extremely few opportunities in comparison with the number 
anticipated. In fact, no radio domain so far rendered 
available has, after a reasonable time of development, been 
free from marked congestion at some time. Unfortunately 
there is no present reason for believing that the ultrahigh- 


frequency domain will be an exception to this experience | 


of the past, and whatever congestion now exists in broad- 
casting may be expected to continue when the ultrahigh- 
frequency waves are used. 

It would probably be good counsel to the educators of 
the United States to advise them to keep fully informed 
on the technical and industrial developments in the ultra- 


high-frequency domain and to study carefully in advance 
what may probably be accomplished by the use of the 
radio and visual broadcasting services which can be 
established in this domain. It would also be well if care- 
fully planned broadcasting of educational material were 
carried out, using these new frequencies and the novel 
forms of transmission, such as facsimile and television, 
which they render possible. However, if education is to 
derive its full benefit from these new instrumentalities of 
science, it will involve much sober thought, co-operative 
effort, and systematic planning on the part of educators. 
The field is too complex and its problems too numerous to 
make an unplanned success at all probable or to reward 
casual, meager, or purely selfish efforts. 

Beyond a doubt, engineers will do their utmost to per- 
fect the approaching art of television and facsimile broad- 
casting and of telephone broadcasting as well, all on the 
ultrahigh frequencies. It is hoped that the educators of 
America, fully awakened to the interesting civic possibili- 
ties which these communication media offer, will similarly 
avail themselves of their potentialities systematically and 
effectively. 


Practical Limitations of 


The Broadcast Allocation Structure 


By C. B. JOLLIFFE 
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known today, is a new- 

comer in radio communi- 
cation. Consequently, since 
its start in 1921 when a single 
frequency was made available 
for the service, radiobroadcast- 
ing has had to make its own 
place in the radio spectrum 
purely on the basis of public 
interest and public acceptance. 
It has been estimated that at 
the end of 1936 approximately 
30,000,000 radio receiving sets 
were in use in the United States. This alone is ample 
proof that the public has accepted broadcasting. If 
nothing else were considered, the huge investment of the 
public in this industry is sufficient to give broadcasting a 
position of commanding importance. Because of its 
great importance to the public, a thorough understanding 
of the underlying principles of broadcast allocation is 
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To give the radiobroadcast listener maximum 
service is an important problem in which the 
frequencies available, characteristics of the re- 
ceiving set, phenomena of transmission of radio 
waves, area to be served, and density of popula- 
tion in the area must be considered. Broadcast 
stations in the United States are of 2 main classes, 
clear channel and duplicated channel, and are 
allocated in frequency to prevent interference 
between stations in the same area. 
broadcasting has additional limitations because 
of natural phenomena. 
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necessary in order to judge the 
effectiveness of any allocation 
or in order to make construc- 
tive suggestions concerning 
improvements. 

In the frequency spectrum, 
broadcasting of the United 
States has been allocated the 
space from 550 to 1,600 kilo- 
cycles for domestic service and 
several frequency bands be- 
tween 6,000 and 22,000 kilo- 
cycles (6,000-6,150; 9,500- 
9,600; 11,700-11,900; 15,100- 
15,350; 17,750-17,800; 21,450-21,550) for international 
service. This discussion will be limited to these bands of 
frequencies. 


Short-wave 
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In the band from 550 to 1,600 kilocycles the principles 
of broadcast allocation have become fairly definitely 
stabilized. However, the average listener who tunes 
across the dial of his receiving set may well wonder if 
there is system and order behind what he hears. Why 
is he able to receive on some points of the dial while at 
other points he hears a mixture of signals from many 
stations? Why is not every point or every channel on 
the radio dial available to give him perfect service? 
What should a listener expect to hear on his receiving set? 
The answers to these questions are not immediately 
obvious, but the answers are relatively simple when one 
studies the bases of allocation used in the United States 
and the severe limitations imposed on the allocation of 
frequencies to broadcast stations. It is the purpose of 
this article to discuss these limitations of broadcast allo- 
cation and give a brief picture of the structure under 
which the broadcasting industry operates at the present 
time. 


Medium-Frequency Broadcasting Service 


NUMBER OF FREQUENCY CHANNELS AVAILABLE 


The fundamental limitation to every radio service 
is the frequency space available for that service. All 
the radio communication services of the world work 
in a common transmission medium referred to as 
the ether. Radio waves of all frequencies can exist in 
this medium and retain their separate identities, that is, 
there is no mutual interference between radio waves in 
space. There is projected into this medium all types of 
signals—point-to-point telegraph communications, tele- 
phone communications, communication between police 
cars and headquarters, military communications, com- 
munication between amateurs, ship to shore telegraph 
and telephone, and so forth. If a receiving set which had 
no frequency discrimination were used, all these com- 
munications would be heard simultaneously as a jumble. 
Fortunately, receiving sets can discriminate with respect 
to frequencies and it is possible to pick out one band of 
frequencies and reject all others. 

Consequently, it is necessary first to arrange the various 
kinds of communications in different frequency bands in 
such a way that receiving sets can pick out the band 
desired. Different groups of frequencies are assigned for 
use by different services and receiving sets are used which 
are designed to accept frequencies of a particular service. 

At international conferences in which all nations of the 
world participate, the common communication medium 
has been carved into frequency bands which have been 
allocated to various classes of services.* Broadcasting 
has been allocated frequency space which the nations of 
the world believe to be its proportionate share of these 
frequencies. In North America there has been allocated 
the band of frequencies from 550 to 1,500 kilocycles for 
the exclusive use of broadcasting for the purpose of pro- 
viding domestic broadcast service as it is known today. 
Because no interference to other parts of the world will be 


* Article 7, General Radio Regulations annexed to the International Tele- 
communication Convention, Madrid, 1932, Treaty Series No. 867. 
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caused, the nations of North America have further agreed 
to use the space from 1,500 to 1,600 kilocycles for broad- 
casting. Similarly, the nations of Europe have agreed 
among themselves to use other frequencies (below 400 
kilocycles) for broadcasting which do not cause inter- 
ference in North America. The agreements concerning 
use of frequencies have been made by the duly accredited 
representatives of all nations of the world, including the 
United States, and are a part of the fundamental law. 

The United States, then, has one of the pieces of the 
frequency spectrum, 550-1,600 kilocycles, available for 
broadcasting. The size of this piece is not likely to be 
changed. The duty of the Federal Communications 
Commission, which is the agency of the government 
charged with the administration of the radio laws and 
the assignment of frequencies to stations, is to assign 
frequencies in this space to broadcast stations in such a 
manner as to provide the best broadcast service possible 
to the people of the United States. 

The Commission has decided that stations will be allo- 
cated at intervals of 10 kilocycles through the space 550— 
1,500 kilocycles. This provides, then, using channels at 
both ends of a block of frequencies, 96 channels of com- 
munication for use in North America. Assuming that 
the frequency space from 1,500 to 1,600 kilocycles will 
be assigned eventually on the same basis, 10 more chan- 
nels may be added, making a total of 106 for use by 
broadcast stations in this band. By agreement between 
the United States and Canada, 6 frequencies have been 
allocated for the exclusive use of the latter. Thus a total 
of 100 channels remains for use by stations of the United 
States. This then is the first limitation of broadcast 
allocation. 


PERFORMANCE OF RECEIVING SET 


The radio receiving set used by the listener constitutes 
the second limitation on allocation. Broadcast stations 
are assigned at intervals of 10 kilocycles. In order to 
have satisfactory radio reception it is necessary that but 
one program be reproduced in the output of the receiving 
set. The antenna which is used to pick up a minute 
amount of power from the transmission medium has 
flowing in it currents of all frequencies produced by trans- 
mitting stations of corresponding frequencies. The func- 
tion of the receiving set is to pick out, amplify, and repro- 
duce the currents produced by the one transmitting sta- 
tion desired and reject all others. If 2 transmitting 
stations separated by 10 kilocycles produce in the re- 
ceiving antenna approximately equal currents, most re- 
ceiving sets can receive one station and reject the other. 
If the 2 stations are separated by 20 kilocycles the un- 
wanted station can be approximately 20 times the strength 
of the wanted station and the receiving set can select one 
from the other. If the ratio is greater than this then the 
average receiving set cannot make a clear distinction 
This ability of the receiving set to accept one station and 
reject another is referred to as the selectivity of the re- 
ceiving set, and is the factor which makes possible the 
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operation of many stations at the same time. 

Some may remember in the early days of broadcasting 
that reception of one station without at the same time 
receiving signals from several other stations was ex- 
tremely difficult. The development of the modern re- 
ceiving set has been one of increasing its selectivity and 
approaching that ideal by which it is possible to accept 
one signal and reject all others regardless of their intensity. 

Technical limitations make impossible the complete 
accomplishment of the ideal in the present state of the 
art. It is sufficient to state that with the present develop- 
ment it is possible to receive a signal on a given frequency 
and reject all others separated by 50 kilocycles or more 
regardless of their intensity. At less frequency separation 
than 50 kilocycles with modern receivers rejection of 
adjacent frequencies is possible provided they do not 
exceed certain values, the value which may be present 
decreasing as the frequency separation decreases. 

A modern receiving set is a marvel of ingenuity which 
is accepted and used with little thought of the amount of 
work which has gone into its design and production. It 
is the best that engineers have been able to design and 
produce at a cost which can be borne by the listener. It 
does, however, represent the second limitation in alloca- 
tion. 


TRANSMISSION OF RADIO WAVES 


The third limitation is the most fundamental and one 
which is imposed by nature; that is, the ability of radio 
waves once radiated to travel through space. When an 
alternating current of high frequency flows in an elevated 
conductor there is set up around it an electromagnetic 
field which moves through space with the speed of light. 
Variations in the intensity of the current flowing in the 
conductor produce similar variations in the electromagnetic 
field which make it possible for these electromagnetic 
waves to carry a message through space. Once these 
electromagnetic waves have left the antenna there is 
nothing which man has conceived to date that can be done 
to alter their course. The intensity of these waves at 
any given point is proportional to the amount of current 
flowing in the elevated conductor or antenna, and falls 
off rapidly as the distance between the antenna and the 
receiving point is increased. 

At night a further complication is introduced. There 
is no simple transmission along the ground. The waves 
which leave the antenna at an angle from the ground 
and which in the daytime are usually lost in space, at 
night encounter what appears to be an electrical mirror 
at a height of some 50 to 100 miles above the surface of 
the earth. This electrical mirror returns the waves to 
earth and they are then capable of producing currents in 
the antenna of the receiving set even though the distance 
be very great. 

This electrical mirror is not uniform and the waves 
which return are consequently not of uniform intensity. 
This gives rise to the phenomenon which has been called 
“fading.” There are 2 types, one of which is produced 
when the reflected wave and the wave that is propagated 
along the ground both are of sufficient intensity to pro- 
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duce currents in the antenna. These waves having 
arrived over different distances and being of different 
phase interfere with each other and produce variations 
in the current produced in the receiving antenna.  Ir- 
regularities in the reflecting medium vary the intensity 
and phase of the reflected wave while the intensity of the 
ground wave remains constant. This is the first type of 
fading which is encountered as one proceeds from the 
transmitting station. This fading is usually quite severe 
and one of its characteristics is that it is selective so that 
certain parts of the speech or music may cancel out entirely 
and other parts remain or are augmented. This results 
in severe distortion and very unsatisfactory reception. 
There is no known practical remedy for this type of 
fading and it is the limit of good service of many broad- 
cast stations. 

Beyond this region of interference between “‘ground” ~ 
and ‘‘sky’’ wave the sky wave predominates and fading 
is due to irregularities in the reflection of the waves. 
This fading, the second of the 2 types, is usually not 
selective and all portions of the program change equally. 
This type of fading is substantially corrected by the 
modern receiving set by means of automatic control of 
the amount of amplification used by means of the in- 
tensity of the incoming signal. 

The phenomenon of transmission of radio waves is 
extremely complex and in order to understand the laws 
governing it a large amount of experimental data must be 
obtained. These data have been accumulated over a 
period of years and it is believed that what to expect 
under any given set of circumstances is now known. 
The laws governing these transmissions are as exact and 
as certain to operate as the laws of gravitation. Man 
cannot alter them, he can only learn the fundamental 
bases and adapt himself to these bases. He may be 
able to apply apparatus and equipment which make 
better use of the transmitted signal, but he must always 
recognize that nature has set this limitation. 

A corollary to this limitation of transmission is that of 
interference. When 2 radio waves of approximately the 
same frequency exist simultaneously in space they will pro- 
duce in the antenna of the receiving set alternating cur- 


rents of approximately the same frequency. The receiving 


set which depends on differences in frequency in order to 
select between 2 stations can make no selection when the 
frequencies it receives are the same. Consequently the 
signals carried by both radio waves will produce signals 
in the output of the receiving set. In order that one signal 
may be heard above the other it must be of sufficient 
strength that it can completely mask the other so that the 
receiving set appears to reproduce only one signal; in short, 
a shout drowns out a whisper. 

Nature is also a broadcaster and produces radio waves 
which travel through space as do other radio waves. 
Every discharge of electricity in the form of a spark sets up 
electromagnetic waves. The noise produced by thunder- 
storms, which is usually referred to as static or atmospher- 
ics is familiar to all. The general accumulation of elec- 
trical discharges in space between clouds and between 
clouds and ground sets up a background of radio noise which 
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is picked up by the receiving antenna. Added to this there 
are the spark discharges produced in all types of electrical 
apparatus such as motors, generators, and flashing signs. 
This group of transmitters produces radio noise which is 
usually referred to as background noise. It is always pres- 
ent ina greater or lesser degree. In highly congested cen- 
ters of population the background noise produced by elec- 
trical machinery may be extremely high while in a rural 
section with little electrification it may be practically zero. 
The natural noise produced by natural discharges is usu- 
ally very high in the summer, particularly in the tropics, 
and practically nothing in the winter. The minimum 
amount of signal considered necessary to render good serv- 
ice under varying conditions is a measure of the amount 
of noise present on the average. 


AREA AND DISTRIBUTION OF POPULATION 


The final limitation of allocation is the size of the United 
States and the distribution of its population. The popu- 
lation of the United States is distributed over an area of 
approximately a rectangle 3,000 by 1,500 miles. The dis- 
tribution of population varies from many thousands per 
square mile in highly concentrated centers of population 
to an average of less than one per square mile in wide open 
spaces. The time at which people are listening to broad- 
cast programs varies, depending on time zones and habits 
of the various classes of people. It is not possible to change 
these factors, but it is possible to know what they are and 
act accordingly. 

These are the technical limitations. None of them has 
been gone into exhaustively in this paper; any one of them 
is a subject for a paper itself. When broadcasting started 
there was little information available. As broadcasting has 
developed it has developed its instruments and measure- 
ments and accumulated its data. That which it is neces- 
sary to know concerning all of these limitations may be said 
now tobe known. They can be analyzed and used in build- 
ing and improving an allocation structure. They cannot be 
ignored simply because what they produce is not liked. 
Legislation and regulation may dictate or limit how these 
principles can be applied but they cannot change the fun- 
damental technical laws. 


PLAN OF ALLOCATION 


How these limitations have been recognized and applied 
may now be briefly considered. That these applications 
are the only methods which might be used is not inferred, 
but they are used as illustrations of what has been done 
and what is familiar to everyone. 

Stations of the United States have been classified into 
2 different main classes: stations operating on clear chan- 
nels, that is, one station only permitted to operate at night 
using the maximum amount of power; and stations oper- 
ating on duplicated channels, that is, 2 stations or more 
permitted to operate simultaneously on each channel. 

Stations of different classifications are distributed 
throughout the United States in such a manner that sta- 
tions operating on adjacent frequencies are separated 
geographically from each other, thus recognizing the 
limitation in selectivity of the receiving sets. So when a 
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listener is near one station, stations on channels 10, 20, 
30, and 40 kilocycles removed therefrom are at distances 
from the listener so that the signals from them should 
always be below the values necessary to cause interference 
to the nearby station. 

The Commission and station operators have recognized 
that the service area of a station is of 2 kinds, primary 
service and secondary service. The primary service is that 
area in which all listeners get service free of interference. 
The secondary area is that area in which the listeners get 
some amount of satisfactory service, but which is not al- 
ways free of interference. For clear channel stations the 
primary area may extend for 100 to 150 miles up to the 
point of severe and selective fading. Beyond this area 
of severe and selective fading there exists a secondary 
area which extends to the limit of useful signal produced 
by the station. This useful limit of the secondary area 
is fixed by the amount of natural noise and consequently 
changes from day to day and season to season. 

It should not be expected that everywhere within this 
secondary area there is freedom from interference and that 
the whole of the United States is within the secondary 
area of every clear channel. The limitation of radio-wave 
propagation limits the distance for which it will be useful. 
Also, the strength of signals from stations on adjacent 
frequencies will make the signal of no use in certain areas. 
If the secondary area of a clear channel station were 
charted it would consist of a map of the United States 
with many areas removed, the amount removed depending 
on the location of the stations on adjacent channels and 
the noise intensities in various areas. 

Stations which operate on duplicated channels have 
their night service area limited by interference from the 
other stations operating on the same channel. At night 
these stations have very little, if any, secondary service 
and their primary service can be very accurately defined; 
in fact, so accurately defined that its use as a basis for 
estimating the number of people who can be served by the 
station is possible. 

A station operating on a duplicated channel, therefore, 
is used to serve a center of population and is not expected 
to have any service at night beyond its normal service area 
limited by interference from other stations on the same 
channel. 

The result of the allocation is, therefore, that clear 
channel stations serve centers of population with primary 
service up to the beginning of fading and then have a very 
extended secondary area, and stations operating on dupli- 
cated channels serve centers of population but have no 
secondary service, the entire service lying within an area 
relatively close to the station. 


SERVICE RECEIVED BY THE LISTENER 


From the listener’s standpoint, then, if he lives in the 
good service area of either a clear-channel station or a sta- 
tion operating on a duplicated channel, he should obtain 
excellent service free of interference from these stations. 
In addition he should be able to receive the secondary serv- 
ice from many of the clear channel stations. This sec- 
ondary service is usually less satisfactory than the pri- 
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mary service from a local station. However, program con- 
tent may cause him to listen to a less satisfactory signal 
rather than his local signal free of interference. 

Turning now to the questions which were asked in open- 
ing this paper, the answer is that the distribution of popu- 
lation over the United States, and consequently distribu- 
tion of radio stations, makes it necessary that persons in 
some localities be deprived of service on certain channels 
in order that persons in other localities can have primary 
service. If, for example, the people of Washington, D.C., 
had perfect service on all 100 channels then the people 
in all cities beyond approximately 100 miles from Wash- 
ington, D. C., would have to depend entirely on secondary 
service. This example can be carried to any center of 
population. 

A person ina given locality should be able to hear all 
the stations which have their primary service area covering 
his locality, plus the secondary service from clear channels. 
Persons who do not live in a center of population having 
local service must depend entirely on the secondary service 
from clear channel stations. On duplicated channels on 
which no station gives primary service in his area he will 
simply hear a mixture of signals. These channels are 
giving primary service to other areas. 


High-Frequency Broadcast Service 


The limitations and use of the frequencies used for in- 
ternational broadcasting, that is, frequencies between 
6,000 and 22,000 kilocycles may now be discussed very 
briefly. These frequencies by their very nature are capable 
of world-wide interference and a type of world-wide service. 
In the frequency band above 6,000 kilocycles practically 
all of the radio commerce of the world is carried; communi- 
cation between ship and shore, between the United States 
and all other countries of the world, and among the other 
countries of the world. This communication service puts 
a severe load on the frequency spectrum. Because of this 
large load of commercial traffic only a very small portion 
of the frequency spectrum has been allotted to broad- 
casting. 

The transmission characteristics of these frequencies 
change very markedly as the frequency range is changed, 
as the transmission path changes from daylight to dark, 
and as the seasons change. These characteristics are 
well known. 

A frequency of the order of 15,000 kilocycles for example, 
used for transmission from a station produces very little 
service in its immediate neighborhood, but does produce 
in the daytime a very strong signal at distances of greater 
than approximately 1,000 miles away. In other words, if 
an observer were to travel out from a station with a 
receiving set he would find that its service fell off very 
rapidly in the first few miles, then disappeared for several 
hundred miles, and then began to reappear again. This 
distance in which the signal vanishes is called the “‘skip”’ 
distances for that frequency. Skip distance varies from 
a few miles for the lower frequencies in the daytime to 
thousands of miles for the higher frequencies at night. In 
fact, frequencies above approximately 10,000 kilocycles 
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are useless at night because their skip distance is greater 
than half way around the world. Because of this charac- 
teristic of transmission, in order to serve a particular 
point or a particular area at a distance from the station, 
it is necessary to use a different frequency in the daytime 
than at night and also a different frequency in winter than 
is used in summer. Consequently, to permit continuous 
service to be given to a country, such as Argentina in 
South America, would require from 3 to 5 frequencies 
spaced properly between 6,000 and 20,000 kilocycles, the 
proper frequency being used in accordance with its known 
propagation characteristics. 

It has been suggested that these frequencies be used 
for the purpose of covering portions of the United States. 
In order to do this each station would be required to use 
from 3 to 5 different frequencies throughout the period of 
propagation in order to cover given areas. If each coun- 
try in the world tried to give this kind of a service it would 
require more than all the frequencies above 6,000 kilocy- 
cles to meet the needs of all nations. Instead of a station 
being assigned a single frequency, as is done in domestic 
broadcasting, each station would have to be assigned a 
multiplicity of frequencies, and instead of the allocation 
problem being confined to the United States, the interfer- 
ence limitations imposed by stations of the entire world 
would need to be met. 

The nations of the world, realizing this lack of adequate 
supply of frequencies, have practically all confined their 
use of these frequencies to broadcast programs destined 
for reception in other countries. Unfortunately, this has 
not been confined to the propagation of entertainment pro- 
grams only, but these programs have also included propa- 
ganda and much might be said as to the improper use of 
such frequencies. However, this is not a technical question. 

These frequencies likewise have the same limitations 
with respect to fading as do the lower frequencies used in 
broadcasting. The entire service of these frequencies is 
secondary service and consequently subject to fading and 
interference from electrical noises. The service can never 
be as good as the service given by a steady signal from a 
local station. The limitations of selectivity of receiving 
sets and distribution of population also apply to this band 
of frequencies. 

From an engineering standpoint it is known what these 
frequencies can do and what limitations they have. The 
limitations are natural phenomena and there is nothing 
that can be done to change the phenomena. By technical 
advances the characteristics of the devices which transmit 
and receive them, may be changed but at present there ap- 
pears no way by which the laws of nature can be changed. 
With these frequencies, as with the broadcast frequencies, 
the utmost information concerning the laws of nature must 
be obtained and applied to the best of our ability to the 
problems in hand. 

Man may not like the consequences of natural laws and 
the natural limitations of radio propagation, but he must | 
accept them. Man can make and unmake his own laws 
and limitations, and change them as he desires, but nature 
makes her laws and they are final; man can learn what 
they are and use them, but he cannot change them. 
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The Dielectric Strength of Noninflammable Synthetic 
Insulating Oils 


By F. M. CLARK 
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the hydrocarbon molecule produces marked effect 

not only on the physical and chemical properties, 
but on the electrical characteristics as well. The com- 
pounds so produced present to the electrical engineer a 
new type of insulating liquid which eliminates many of 
the problems heretofore inevitably associated with the 
use of mineral oil. It is the object of this paper to demon- 
strate the dielectric strength characteristics of such syn- 
thetic liquids both alone and in combination with cellu- 
losic insulation. 

Although the use of chlorine-containing compounds in 
the electrical industry is not new, the application of such 
liquid materials has been limited because of chemical 
instability. Under the conditions of voltage stress and 
high temperature normally encountered in the service of 
transformers, capacitors, cables, and the like, compounds 
of the chlorinated paraffin hydrocarbon type have not been 
found to be very satisfactory. With the development of the 
chlorinated liquid compounds of the cyclic hydrocarbons,"? 
dielectric compositions have been made available which 
fully meet the stability requirements. Because of the 
desire to obtain noninflammability of the liquid as well 
as to eliminate the explosiveness of the arc-formed gases, 
the compounds of this type have at least half of the 
hydrogen atoms present in the original hydrocarbon 
replaced by chlorine.* Only such compounds are dis- 
cussed in the present paper. 


Tex SUBSTITUTION of chlorine for hydrogen in 


The General Characteristics of 
Noninflammable Synthetic Insulating Liquids 


The noninflammable synthetic dielectric liquids at 
present commercially available are, in general, chlorinated 
derivatives of cyclic organic hydrocarbons. In order to 
obtain suitable physical characteristics, such as viscosity 
and low congealing point, blends of chlorinated organic 
compounds are frequently employed. Among the com- 
pounds in commercial use or available for use are the 
chlorinated derivatives of diphenyl, diphenyl oxide, 
benzophenone, diphenyl methane, dibenzyl, and benzene. 
Each of these has its advantages. At present, however, 
the chief commercial interest liesin compositions containing 
chlorinated diphenyl and mixtures of chlorinated diphenyl 
with trichlorbenzene. The properties of 2 such com- 
positions in commercial use as impregnants for capacitors 
and cables, and as the dielectric and cooling medium for 
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transformers are given in table I. Such compositions are 
not only noninflammable in themselves, but when decom- 
posed by the electric arc evolve only noninflammable 
gaseous mixtures. 


The Dielectric Strength of the Liquids 


The factors which determine the dielectric strength of 
insulating liquids are not clearly recognized. Liquid 
density is without doubt of importance in any homologous 
series of organic compounds. The difference in density 
as between two different chemical types of organic liquids, 
however, does not appear to be of significance in deter- 
mining the relative dielectric strengths. It has been 
suggested® that the dielectric strength of mineral oils 
varies with those changes which produce a variation in the 
dissolved gas content of the liquid. Such a suggestion 
does not attempt to explain the high dielectric strength 
of the noninflammable synthetic dielectric liquids described 
in table I as compared to mineral oil of similar viscosity. 

While it is recognized that the dielectric strength of 
any insulating liquid is distinctly a function of the care 
used in its preparation and test, the normally expected 
value for new and unoxidized mineral oil, tested in accord- 
ance with the usual practice, is about 30 kv at room tem- 
perature. The synthetic liquid dielectrics of table I 
tested under similar conditions are characterized by a 
dielectric strength which is from 40 to 50 percent higher. 
Such a high dielectric strength becomes only of academic 
interest unless it can be maintained at a correspondingly 
higher than oil value during use. Accumulated service 
and laboratory experience clearly indicates such be- 
havior. 

Consideration of the dielectric adaptability of a liquid 
for any specific application must inevitably include a 
survey of its chemistry.’ Detailed chemical analysis of 
the noninflammable synthetic dielectrics is beyond the 
scope of this paper, yet for the proper understanding of 
the materials, consideration of their chemical reactivity 
cannot be avoided. One of the major factors leading to 
decreased dielectric strength in liquids is the presence of 
moisture, moist fibers, gas bubbles, and suspended solids. 
It is unfortunate that in most of the dielectric applica- 
tions of mineral oils, oxidation cannot be entirely elimi- 
nated. The oxidation of the oil hydrocarbon produces 
those types of materials which lead to decreased dielectric 
strength, as for example carbon dioxide gas, water, organic 
acids, and, if the oxidation is severe, suspended oil sludge. 
Water coming in contact with oxidized mineral oil may 
even form a semipermanent emulsion with dangerously 
low dielectric strength. The noninflammable synthetic 
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Table |. Properties of Noninflammable Synthetic Liquid 
Dielectrics 
Type Viscous Nonviscous 
RISE e care bie es Nereys: cebr abl ered igre Capacitors and cables... .Transformers 
WOOF facie so vals eeie ssn sees cclunnt Pale yellow ie eins ores Pale yellow 


.1,500 (60/15.5 degrees... .1.565 (15.5/15.5 de- 
centigrade) grees centigrade) 
.48 seconds at 98.9 de-....54 seconds at 37.8 de- 
grees centigrade grees centigrade 
POUR PONE iy cee retire es oe +10 degrees centi- .. Lower than —32 de- 
grees centigrade 

CINOMG LAM rh nh patt etree remeteti None 


Specifiererawst yes wvcleacaseacs 


Saybolt universal viscosity... 


Bind p OLN tece ce teiatel vey eeckerere tere 


liquids are in marked contrast. Exposed to an oxidizing 
atmosphere under the most severe conditions, little if any 
chemical change can be observed. The color and original 
neutrality are essentially unchanged. No water, gas, or 
sludge is formed. The initially high resistance to water 
emulsification is retained with resultant high dielectric 
stability. 

Figure 1 illustrates the marked difference in the 
dielectric stability of a typical transformer noninflammable 
synthetic dielectric liquid as compared to the usual mineral 
transformer oil. The materials were placed each in a 
clear glass, 5-gallon bottle, maintained at atmospheric 
temperature, and equipped with an inverted breathing 
tube open to the atmosphere in such a manner that the 
direct entrance of water (moisture or rain) was prevented, 
although free breathing produced as a result of atmospheric 
temperature changes was allowed. Clear glass bottles 
were used in order to promote any possible chemical 
change due to sunlight. Free breathing to the atmosphere 
was allowed in order that atmospheric moisture might 
slowly be accumulated in each liquid. Since chemical 
changes, if present, would include acid formation, liquid 
darkening, sludge formation, and water accumulation, the 
relative dielectric stability of the 2 liquids was expected 
to be demonstrated. As shown in figure 1, the nonoxi- 


mineral oil showed a slow drop in dielectric strength during 
the first 16 days of exposure, followed by a severe 
drop in dielectric strength between the sixteenth and 
the thirtieth day. At this time, the chemical changes in 
the oil were sufficiently advanced such that oil acid and 
sludge had accumulated in the liquid. In both the oil and 
the noninflammable liquid containers, water had accumu- 
lated, on the top of the synthetic liquid and at the bottom 
of the mineral oil. The test was discontinued after 182 days. 

Organic hydrocarbon liquids, if exposed for long periods 
at high temperature to air and moisture, will oxidize and 
deteriorate. Under such conditions, the noninflammable 
synthetic liquids described in this paper show negligible 
change, either chemically or electrically. Typical results 
are illustrated in figure 2. The setup consisted of a glass 
vessel containing the synthetic liquid and connected to a 
reflux water condenser. Distilled water was added in an 
amount equal to about 10 per cent of the volume of the 
synthetic liquid which was heated sufficiently to maintain 
a slow refluxing of the water. The liquid temperature was 
approximately 100 degrees centigrade. Metallic alumi- 
num was placed in the body of the liquid dielectric in order 
to detect any generation of corrosive chlorine formed from 
the long-time moisture contact in the presence of air. 
None was observed. The liquid showed no substantial 
increase in color or acidity. As shown in figure 2, the 
high dielectric strength of the liquid was maintained. 

The superior dielectric strength characteristics of the 
noninflammable synthetic liquids, when tested with the 
usual oil-testing procedure, using a 0.1-inch liquid gap, is 
maintained with greater gap distances. Tests up to a gap 
distance of 2 inches are illustrated in the data of figure 3. 

The dielectric strength of both the noninflammable 
synthetic liquid dielectric and mineral oil is a loga- 
rithmic function of the gap distance. The logarithmic 
relation, however, changes with increasing gap distance 
above approximately one inch. This change is illustrated 
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former oil and a _noninflammable 
synthetic liquid of similar viscosity 


inch, the noninflammable synthetic dielectric liquid shows 
a dielectric strength about 20 per cent higher than that 
obtained with mineral transformer oil. For the smaller 
gap distances below one inch, the superiority in dielectric 
strength of the noninflammable synthetic liquid varies 


from approximately 20 per cent to as high as 50 per cent as | 


the gap distance is continuously decreased. 

Expressed logarithmically for the tests of this survey, 
the dielectric strength of oil and noninflammable synthetic 
liquids varies with the gap distance in accordance with 
equations 1, 2, and 3, in which T indicates gap distance. 

For mineral oil below one-inch gap distance: 


Kv = AT®-7 (1) 


For noninflammable synthetic liquid dielectrics below 
one-inch gap distance: 


Kv = AT? (2) 


For both oil and noninflammable synthetic liquid di- 
electrics above one-inch gap distance: 


Kv = AT?:37 (3) 


Figure 5 illustrates the effect of temperature change on 
the dielectric strength of a typical transformer noninflam- 
mable synthetic liquid dielectric and mineral transformer 
oil, each tested with rapidly applied voltage application 
between one-inch brass disk electrodes spaced !/1) inch 
apart. As already described in previous papers® the 
dielectric strength of mineral transformer oil increases 
with increase in temperature to 100 degrees centigrade. 
The noninflammable synthetic dielectric liquid shows a 
similar change in dielectric strength with increase in 
temperature, but reaches its maximum value at about 55 
degrees centigrade, above which temperature its dielec- 
tric strength decreases in an approximately linear rela- 
tion to the temperature increase. While at room tempera- 
ture, the synthetic liquid is approximately 40 per cent 
higher in dielectric strength than mineral transformer 
oil, at 100 degrees centigrade the advantage has been 
reduced to 27 per cent. Above 100 degrees centigrade, the 
superiority of the noninflammable synthetic liquid again 
increases due to the more rapid drop in dielectric strength 
of mineral transformer oil as the temperature is further 
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Figure 4. Showng the logarithmic liquid of like viscosity as a function 
of the testing temperature 


Clark—Insulating Oil 


120. 14 


DIELECTRIC STRENGTH OF NONINFLAMMABLE 
SYNTHETIC LIQUID EXPRESSED IN PER CENT 
OF MINERAL TRANSFORMER OIL 


synthetic 
40. 60 80 100 120 
TEMPERATURE — DEGREES CENTIGRADE 


10) 


Figure 6. The increased dielectric 

strength obtained with the nonin- 

flammable synthetic transformer insu- 

lating liquid expressed in terms of 

the dielectric strength of mineral 

transformer oil as a function of the 
testing temperature 


increased. The relationship is illustrated in figure 6. 

It has already been suggested® that the change in the 
dielectric strength of insulating liquids with temperature 
reflects changes in the liquid-dissolved air content. re 
is to be observed that the changes in the dissolved air 
content of the noninflammable synthetic liquid dielectric 
discussed in these paragraphs predict the change in 
dielectric strength observed. The dissolved air content 
at normal atmospheric pressure and the corresponding 
dielectric strength at 25 degrees centigrade and 100 degrees 
centigrade for the noninflammable synthetic dielectric 
liquid under discussion are indicated in the following 
tabulation: 


— 


Dissolved Air Content Dielectric Strength 


25°C 100°C 2526 100°C 
Mineral transformer oil....-..-..+--- HOO) renore TS ercacee S20 Mok caer 35.0 
Noninflammable synthetic liquid...... GS eremgetars 6: Often A5 Bin die 44.5 


The Dielectric Strength of Treated Insulation 


The ability of an insulating liquid to impart a high 
dielectric strength to cellulosic insulation is one measure 
of its usefulness. It is frequently considered that all 
insulating liquids possess equal ability to impart dielec- 
tric strength to solid insulation unless prevented by excep- 
tional physical characteristics. Since most liquids hereto- 
fore investigated have been of petroleum origin, this 
generalization has been apparently well-founded. With 
the noninflammable synthetic liquid dielectrics of the type 
under discussion, however, 2 important changes have been 
introduced. The first is that the characteristic dielectric 
strength of the liquid has been raised by more than 20 
percent, depending upon the testing temperature and gap 
spacing. The second is that the dielectric constant has 
been materially increased. Over the range of temperature 
from 25 degrees centigrade to 100 degrees centigrade, the 
dielectric constant of the noninflammable synthetic 


673 


100-DEGREE- 
CENTIGRADE TESTS 


25-DEGREE- 
CENTIGRADE TESTS 


MINERAL- OIL 
TREATED 


DIELECTRIC STRENGTH— KV 


2 6 10 14 @ 6 10 
LAYERS OF 0.003-INCH KRAFT PAPER 


Figure 7. The comparative dielectric strength of mineral oil 
and noninflammable synthetic-liquid-impregnated kraft paper 


liquid under discussion varies from 5 to 4, a value more 
closely approximating that of the cellulose material itself 
than does the dielectric constant of mineral oil or related 
hydrocarbon mixtures, the characteristic dielectric con- 
stant of which is approximately 2.2. Since liquid- 
impregnated cellulosic insulation in laminated structures, 
such as is normally used in commercial dielectrics, is 
essentially a series arrangement of liquid and solid, the 
advantage of an equalized dielectric constant as between 
the liquid and solid is immediately evident. Higher 
breakdown values for the noninflammable synthetic 
liquid impregnated cellulosic insulation are to be ex- 
pected, not only because of the increased dielectric 
strength of the liquid itself as compared to mineral 
oil but also because of the more equal stress distri- 
bution resulting from the equalization of the dielectric 
constant of the liquid and the cellulosic base. 

Figure 7 illustrates the dielectric strength of 0.003- 
inch kraft paper impregnated insulation, tested by the 
‘minute test’ voltage procedure, both at 25 degrees centi- 
grade and at 100 degrees centigrade. The presence of the 
synthetic liquid increases the breakdown of the paper 
insulation as compared to the corresponding oil-treated 
value, the increase in breakdown increasing as the total 
thickness of the pad tested isincreased. This is illustrated 
in figure 8. 

Figure 9 illustrates the temperature effect on dielectric 
strength for noninflammable synthetic liquid-impregnated 
insulation, tested by the “minute test’ procedure from 
—20 degrees centigrade to +100 degrees centigrade. 
The insulation in this case consists of 8 layers of 0.0005- 
inch kraft capacitor paper. 

The advantageous dielectric strength characteristic of 
insulation impregnated with the noninflammable synthetic 
insulating liquid is undoubtedly related to thermal 
phenomena. Under conditions which prevent serious 
heat accumulation effects, the dielectric strength of mineral 
oil-treated insulation or untreated insulation is a logarith- 
mic function of the thickness and approaches the first 
power function of the thickness factor. With test condi- 
tions which allow greater thermal effect, although the 
logarithmic relation is sustained, the dielectric strength 
increases at a decreased function of the insulation thick- 
ness.’ The following relationships have been established 
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Figure 8. ‘The 
superiority of the 
noninflammable 
synthetic - liquid- 
impregnated 
0.003 - inch - 
kraft-paper _ di- 
electric expressed 
in terms of the 
corresponding 
mineral - oil - 
treated dielectric 


100- DEGREE- i 
ENTIGRADE TESTS 


PER CENT OF INCREASE IN DIELECTRIC 


STRENGTH OF NONINFLAMMABLE LIQUID- 
TREATED INSULATION OVER CORRESPONDING 
MINERAL- OIL- TREATED INSULATION 


4 6 8 10 l2 
LAYERS OF 0.003-INCH KRAFT PAPER 


Testing temperature —25 degrees centigrade and 100 degrees cen- 
tigrade, as indicated 


Testing procedure— ey | a 
Minter 9% EEE EEE 
fod — = 
Insulation thickness be H LL ie aie 
—0.004 inch (8 Be ul} po H 
sheets of insulation) “&& oa 
2% 9 SHER) 
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TEMPERATURE — DEGREES CENTIGRADE 


Figure 9. The dielectric strength-temperature relation for 
0.0005-inch-kraft-paper insulation impregnated with the 
transformer type of noninflammable synthetic insulating liquid 


for insulation tested in the form of flat pads: 


Untreated kraft paper at 25 degrees centigrade, rapidly applied 
voltage 


Kv = AT 0-92 to 1.0 (4) 


Untreated kraft paper at 25 degrees centigrade, minute test voltage 
Kv = AT °-92 to 1.0 (5) 


Mineral-oil-treated kraft paper at 25 degrees centigrade, rapidly 
applied voltage 


Ky = AT 0-90 to 0.95 (6) 


Mineral-oil-treated kraft paper at 25 degrees centigrade, minute test 
voltage 


Ky = AT0-135 (7) 


The dielectric strength data of figure 7 are also a loga- 
rithmic function of the insulation thickness. The ‘“‘minute 
test”’ breakdown at 25 degrees centigrade for 0.003-inch 
mineral-oil-treated kraft paper agrees well with the pre- 
viously established relation (equation 7), breakdown 
varying with thickness in accordance with equation 8: 


Kv = AT0.7 (8) 


The previous publication,’ however, did not demonstrate 
that when the temperature of the test is increased, the 
logarithmic relation correlating breakdown and insula- 
tion thickness changes, again reflecting the effect of heat 
accumulation. The data of figure 7 and figure 10 de- 
scribing the dielectric strength-thickness relation for 
mineral-oil-treated kraft paper at 100 degrees centigrade 
indicate the following expression: 


Kv = AT0.66 (9) 
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In table II, rapidly applied test breakdown data are 
given for impregnated kraft paper tested at 25 degrees 
centigrade. Complete data covering a wide range of 
insulation thicknesses are not illustrated. Such studies, 
however, clearly substantiate the logarithmic relation 
between dielectric strength and insulation thickness 
whether the kraft paper be impregnated and tested under 
mineral oil or the synthetic noninflammable liquid. The 
formula established from these studies relating the di- 
electric strength under rapidly applied tests at 25 degrees 
centigrade for both types of impregnants is given in equa- 
tion .10: 


Kv = AT °-% to 0.98 (10) 


The similarity in the dielectric strength-thickness 
relation for kraft paper insulation impregnated with 
mineral oil and the synthetic liquid when tested at 25 
degrees centigrade with rapidly applied voltage procedure 
is to be expected since under these conditions heat effects 
are negligible. When, however, longer time voltage tests 
are used the kraft paper insulation impregnated with the 
noninflammable synthetic liquid dielectric shows a closer 
approach to a linear relation of thickness and dielectric 
strength than that established for mineral oil- treated 
insulation. This is illustrated in figure 10. While in 
this instance the dielectric strength at high temperature 
is a decreased logarithmic function of thickness, the effect 
of change in insulation thickness for the synthetic liquid 
treated insulation always more closely approximates a 
linear relation than that observed for the corresponding 
mineral-oil-treated dielectric. This is indicated in the 
following formulas set up for 0.003-inch kraft paper 
impregnated with the noninflammable synthetic liquid 
dielectric and tested in accordance with minute test 
voltage application procedure: 


At 25 degrees centigrade, Kv = AT°* (11) 


25-DEGREE- CENTIGRADE TESTS 


Slay Figure 10. Illus- 
30 we A trating the loga- 
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of like viscosity 
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Testing procedure— 
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based on figure 7) 


June 1937 


Clark—Insulating Oil 


Table Il. The Comparative Rapidly Applied and Minute- 
Test Dielectric Strength of Impregnated Kraft Paper 


Test temperature—25 degrees centigrade 
Voltage applied—60 cycles 
Insulation—0.003-inch impregnated kraft paper 
Test medium—Same as impregnating medium 


Average Dielectric Strength 


Rapidly Minute Per Cent Decrease 
Applied Test Due to 
Voltage, (Kv) Voltage, (Kv) Extended Time 


Oil impregnated—10 layers. . AL Ol arerreate she BoiO scree 14.7 
Noninflammable synthetic- liquid- 

impregnated—10 layers........-.- TDD Dicectietsnst reaper BOO wee cnn nal 9.7 
Oil impregnated—15 layers. . p20 ee scpnoies AT 5a eel ee 20.3 
Noninflammable synthetic- fiquid-- 

impregnated—15 layers.........--- SOLO arene Mierer CONV: Boe 30-000 10.0 
At 100 degrees centigrade, Kv = AT®” (12) 


The dielectric strength of mineral-oil-treated insulation 
decreases with the duration of voltage application. With 
the so-called “life test,” in which the voltage application 
extends over weeks and months, this effect may be pro- 
duced by voltage or by heat accumulation, both of which 
result in chemical deterioration in the dielectric assembly. 
Such effects are not susceptible to easy demonstration 
under laboratory conditions. Data available, however, 
indicate clearly that the marked chemical stability of the 
noninflammable synthetic dielectric liquids as compared 

to the susceptibility of the hydrocarbon oils to oxidation 
and other forms of chemical change is reflected in the 
greater electrical stability of the treated insulation. 


Test 


temperature— Ow 
ire 
95 degrees centi- Océ 
oa 
grade oo 
Vol roe ee 
° fore application (G2 
—hDM<inute test pro- 3h 
cedure Su 
Test form—Flat pads $o 8 
Electrodes—Alumi- 0 
num foil Se a 
4 8 12 16 20 24 
LAYERS OF 0.0005-INCH KRAFT TISSUE 
Figure 11. The visual corona-formation point for mineral- 


transformer-oil-treated and synthetic-liquid-treated 0.0005- 
inch-kraft-paper dielectric 


Voltage application 
—Minute test pro- A 
cedure = iS 
Oo CORONA 
Dielectric thickness 3 FORMATION 
—0.004 inch = 
Electrodes — Alumi- 6 
num foil -40 -20 QO. 2 4 6 £6 


TEMPERATURE(DEGREES CENTIGRADE) OF TEST 


Figure 12. Corona formation and breakdown of nonin- 
flammable synthetic-liquid-treated 0.0005-inch-kraft paper 
as a function of the testing temperature 
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The dielectric superiority of the noninflammable syn- 
thetic-liquid-treated insulation is indicated even under 
conditions of test in which air and oxygen are carefully 
excluded in order to eliminate mineral-oil-oxidation 
effects. Thus in one typical group of tests, dielectric 
assemblies were prepared each consisting of aluminum 
electrodes separated by 3 sheets of 0.0004-inch kraft 
tissue. The electrodes were 27/g inches wide and 94 feet 
long. The rolled assembly was vacuum dried, impreg- 
nated and tested in a gas-free hermetically-sealed con- 
tainer. The following results clearly indicate the super- 
iority of the synthetic-liquid-treated insulation even when 
tested under the most favorable mineral oil conditions: 


Noninflammable 

Dielectric Treated With Mineral Oil Synthetic Liquid 
Number assemblies tested....... YOM D soxk de dete rte Moma 40 
Voltage applied (60 cycles)...... SSO enya ones cease eres 8380 
Volts: pertmilicinnwc tice sara cp ai HEEIS See ae MeO eo o 733 


30 degrees centigrade. . 30 degrees centigrade 
17 days 

0 (O per cent) 

1 (21/2 per cent) 

2 (5 per cent) 

2 (5 per cent) 


Ambient testing temperature..... 
First dielectric failure........... 
Total dielectricfailuresin10days.. 
Total dielectricfailuresin25 days. . 
Total dielectric failuresin50days.. 
Total dielectric failuresin70days. . 


Uo EN dens atin destin’ hy ot tii 
7 (17!/2 per cent).... 
1280 per cént)o 51... 
15 (3871/2 per cent).... 
16 (40 per cent)...... 


Laboratory demonstration of the greater time-voltage 
stability of the noninflammable liquid as compared to the 
mineral-oil-treated dielectric is also illustrated by the usual 
time-voltage relation in which the voltage is continuously 
applied for periods from one second to 1 or 2 hours. 
Reference to data already presented will serve to indicate 
the comparison. In table II, the 10-second breakdown 
(called ‘‘rapidly applied test’’) is compared to the so-called 
“minute test’’ procedure, in which the voltage is slowly 
raised over a period of about 10 minutes. In general, 
the effect of lengthened time of voltage application is less 
on the noninflammable synthetic liquid-treated insula- 
tion. Under the conditions outlined, a decrease in break- 
down value of 10 per cent appears to be characteristic of 
kraft paper insulation impregnated with the noninflam- 
mable synthetic liquid dielectric. This compares to a 
corresponding average decrease of 17 per cent character- 
istic of the same dielectric when mineral-oil impregnated. 


Visual Corona Formation 
in the Treated Dielectric 


The dielectric failure of insulation is inevitably preceded 
by the formation of corona in the liquid layer. With 
mineral-oil-treated insulation, because of the difference 
in the dielectric constants of the oil and the cellulosic 
insulation, coupled with the breakdown characteristic of 
the oil itself, corona may appear at relatively low 
voltage stress. With 0.0005-inch kraft-paper tested 
by the “minute test” procedure, the corona formation 
point of the noninflammable synthetic liquid-treated 
dielectric, depending upon the thickness of insulation 
tested, is from 30 per cent to 50 per cent higher than the 
corresponding corona formation point in the mineral-oil- 
treated dielectric. Figure 11 illustrates the corona forma- 
tion value for mineral-oil-treated 0.0005-inch kraft paper 
as compared to similar insulation impregnated with non- 
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inflammable synthetic liquid of similar viscosity. The 
corona formation point is described as the voltage at which 
visual discharge appears at the edges of the aluminum foil 
electrodes used in this test setup, all tests being carried 
out under the same medium used for the impregnation of 
the kraft paper. With temperature increase, the corona 
formation of the noninflammable synthetic liquid-treated 
dielectric increases. Figure 12 shows the corona formation 
value in its relation to the ultimate ‘‘minute test’”’ break- 
down as the temperature is changed from —50 degrees 
centigrade to +80 degrees centigrade. With tempera- 
tures higher than 60 degrees centigrade to 80 degrees 
centigrade, the corona-formation voltage increases to 
the extent that it blends with the breakdown voltage and 
is visually indistinguishable therefrom. As the tempera- 
ture is decreased below room temperature, the breakdown 


and the corona formation voltage do not decrease indefi- — 


nitely but reach a minimum value in the range of about 
— 30 degrees centigrade. Both values increase with further 
decrease in temperature. Such changes invariably accom- 


pany a change in physical state, liquid to solid, and are | 


normal behavior of mineral oils as well as other dielectric 
liquids. . 


Summary 


The development of synthetic noninflammable chlorin- 
ated liquids of the aromatic hydrocarbon type places in 


the hands of the engineer a chemically stable material 


of high dielectric strength and possessing a dielectric 


constant approximately equal in value to that of cellulose i 
This insures a more equitable stress distribution 


itself. 
in the composite insulation assembly normally used in 
commercial practice. The result is an increase in dielec- 
tric breakdown and related phenomena. No fixed rela- 


1 


tion defining the superiority of the synthetic noninflam- — 


mable liquid or liquid-treated insulation is possible, since 
variation in test conditions changes the relative dielec- 
tric values. In general, however, the data indicate an 
advantage in favor of the synthetic liquid and liquid- 
treated insulation equal to at least 20 per cent of the 
corresponding mineral-oil value. 
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Application of Arresters and the Selection of Insulation Levels 


By an. FOOIE 


FELLOW AIEE 


transformers and other electrical equipment was 

determined chiefly by the performance in service. 
When failures occurred, the insulation was made heavier 
at the points of weakness, and gradually the number of 
weak points was reduced in the particular lines of equip- 
ment and ratings involved. When new lines or ratings 
were initiated, operating experience was frequently nec- 
essary to perfect the design. Little information was 
available regarding the insulation strength of equipment 
under impulse conditions, and there was practically no 
selected co-ordination between the equipment strength 
and the performance of surge protective equipment. 

The principal cause of equipment failures has been 
lightning, and much attention has been given during 
the past few years to the study of lightning phenomena 
and the behavior of insulation material under lightning 
stress. At the same time, the study of protective equip- 
ment has made available a knowledge of its behavior under 
lightning surge conditions. Great strides have been made 
in this direction, so that it is now possible to select in- 
sulation levels with a degree of confidence as to subsequent 
performance, provided that proper correlation of these 
phenomena and behavior characteristics is effected. 

This paper describes a method of selecting the required 
insulation levels of transformers and other power system 
equipment according to the performance of the protec- 
tive equipment. 

A brief review of some of the important phases of the 
problem will first be given in order that the method pro- 
posed for the selection of insulation levels may be readily 
understood. 

The most important factors are: 


F many years, the insulation strength of power 


(a) The magnitude and duration of the overvoltages to which the 
equipment may be subjected 


(b) The volt-time insulation characteristics of the equipment 


(c) The performance characteristics of available protective equip- 
ment 


Overvoltages 


Transformers and other power system equipment may 
be subjected to overvoltages due to: 


(a) Switching surges and abnormal power system conditions 
(b) Lightning 


Switching surges are usually of relatively long duration, 
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but their magnitudes generally do not exceed 3.5 times 
normal voltage.1_ On many systems, they are less than 
2 times normal voltage. Dynamic overvoltage due to 
hydroelectric generator runaway or other abnormal un- 
loading conditions may reach values as high as 2 times 
normal. Apparatus designed in accordance with AIEE al- 
ternating voltage dielectric tests has proved to be entirely 
adequate for such overvoltages arising from system op- 
eration. 

Lightning is considered to be the principal source of 
insulation failure because of the very high values of volt- 
age and the steep wave fronts involved. Lightning 
voltages may be the result either of a direct stroke or a 
traveling wave, and the effect on insulation depends upon 
the magnitude, the duration, and the rate of rise and 
decay of the surge potential. It is apparently more 
economical and practical to take advantage of the pro- 
tective equipment available and to utilize apparatus of 
an insulation strength properly co-ordinated with this 
protective equipment than to attempt to build apparatus 
in the present operating voltage ranges which will ‘be able 
to withstand lightning surges without the use of some 
auxiliary protective device, either separate from or in- 
tegral with the apparatus. 


Protective Equipment 


The fundamental duty of a surge voltage protective 
device is to discharge any surge successfully and to limit 
the voltage to values well within the impulse strength of 
the equipment. In this discussion, the protective equip- 
ment will be assumed to include lightning arresters prop- 
erly applied, supplemented by gaps on line terminals 
and by direct stroke shielding. 


LIGHTNING ARRESTERS 


A lightning arrester is a device which has the property 
of reducing the voltage of surges applied to its terminals, 
is capable of interrupting follow current (if present), and 
restores itself to its original operating condition without 
causing a disturbance on the system. A lightning ar- 
rester, due to its rapid breakdown or gap flashover and 
the relatively low voltage across it during discharge 
provides both short time and long time protection to in- 
sulation except for some direct strokes. 

Typical protective characteristics of modern lightning 
arresters, based on information as available and including 
impulse breakdown voltages and the voltage across the 
arrester during discharge of surge currents of various 
magnitudes, are presented in table I. Complete perform- 
ance characteristics of line-type arresters are presented 
in the report of the AIEE lightning arrester subcommit- 
tee.” 
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Figure 1. Rod gap flashover voltages 


Gaps 


Various types of special gaps, such as the control gap, 
deion gap, and expulsion gap, have been developed. These 
have particular operating characteristics which govern 
their application and give varying degrees of protection. 

The rod gap which has been extensively used in the past 
few years as a device for applying impulse tests on trans- 
formers and for co-ordination work in the laboratories, 
is defined as one consisting of 4/2-inch square-cornered 
square-cut rods coaxially spaced and overhanging their 
supports at least one-half the gap spacing, and mounted 
on conventional insulators giving a height of 1.38 times 
the gap spacing plus 4 inches (+10 per cent tolerance) 
above the ground plane. Figure 1 shows the 1.5x40 
microsecond, the 1x5 microsecond minimum flashover, 
and the 60-cycle characteristics of this rod gap. Figure 
2 shows the approximate volt-time characteristics at 
various spacings. The protection afforded by rod gaps 
is discussed in another paper presented at this sympo- 
sium.?® 


DIRECT STROKE PROTECTION 


Shield wires or ground wires have proved themselves 
very effective for direct stroke protection when properly 
located and adequately grounded.‘ Shielding is of prin- 
cipal value in the protection of high-voltage lines and 
equipment against direct strokes and may be justified 
when the investment is proportionately high. 


Insulation Characteristics of Equipment 


Various materials having markedly different insulation 
strength characteristics are used in electrical equipment. 
For example, a transformer consists of laminated insula- 
tion, solid insulation, oil, porcelain, and clearances in air. 
The volt-time characteristics of laminated and solid in- 
sulation are relatively flat, approaching the characteris- 
tics of a sphere gap. On the other hand, the volt-time 
characteristics of porcelain are approximately the same 
as rod gaps and show time lags at short time intervals. 
This is illustrated by figure 3. This disparity between the 
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characteristics of the solid insulation and the bushing or 
rod gap necessitates that an insulation co-ordination 
study be made on a volt-time basis with full recognition 
of short time as well as long time phenomena. 

Volt-time characteristics of apparatus insulation are 
not as yet generally available. It has, therefore, been 
necessary to study insulation levels largely in terms of 
voltages corresponding to some particular specified test 
wave condition. As a matter of convenience, the manu- 
facturers have been expressing these insulation levels 
largely in terms of rod gaps, corresponding to some 
particular specified test wave condition. This has proved 
inadequate and basic insulation levels have recently been 
set up in terms of the minimum impulse flashover vol- 
tage on a 11/ex40 microsecond wave under standard 
conditions.’ The latest authentic data available re- 
garding the impulse strength of transformers is presented 
in reports by the AIEE transformer subcommittee.®? 


Selection of Insulation Levels 


An electrical station is composed of a number of com- 
ponent parts, i.e., transformers, circuit breakers, bus, 
etc., each including various types of insulation—air, oil, 
porcelain, and other materials. In order to render such a 
station as immune as practicable to transient voltage 
disturbances there must be a definite relationship between 


Table |. Typical Performance of Modern Lightning Arresters 
Voltage Across Arrester During Discharge 
Arrester Arrester Gap (Crest Ky) 
Rating Breakdown 
(RMS Kv) (Surge Crest Kv) 1,500 Amp 3,000 Amp 5,000 Amp 
Protective Ability 
Line Type 
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Gia ucetences SO eas cerca s Di keer eee QE eos eee 27 
Dads Sashes, Oe trometer SL ogc egarere OG). ns. eee 40 
Bie entree ee OS caer tears eae SO re ce acs eo etee ge tn 52 
Lote ew ae O6 coe ent eres Das Ri etostentces SO i ee 65 
ZO MER Sev ocieaniwere SOs carerverawcee COS Negictcroredeye 78 
D5 awa. aie TOO Seer aero SSa eM eee 97 
S Obes sacks eee IO Ra eee atime tec OD serene 115 
DiC neessstinereneees LAO Botan. eeaes Nee erccidiss fo 145 
‘DO ie yhew nas sper TSO Ac Atireare ee Zoe sebelciters 195 
GO) peereetorcecs reas PAY nete aera aioe QTD ait. atecetenes 235 
(Roe ae SRT ere 270 F2OOnodennegcotaes 285 
Station Type 
3 Lea wee aa Qe a i ee ae LOnceane eens tet 
Oneal eee ties 24. LS aie eee PAW PERE isc 0 21 
Sd cnt ane Baise ets BL etimeeyrr donee PL Moron oon ore 30) Santee eee 32 
Mot ay co tatee Ba tees, sera eter OOS Si. -n5. eRe 43 aitiscusethe ae 50 
Ns Syaren tenance SL eupes euceetc rece EB tes anton DG sine wecsreaeyarete 63 
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50 WAU mR Ran Glow 14 Oiarnceroeeraaceteees tk Siteeneneat ec. tates 200 
GON Water eeteertan DOD vere cgete aaees TB hoe arent 22.0 x aeereinere 250 
HiSimnicatuepaiener« 2D Olena mariners 220) caver tees 265) ecoeete 300 
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Thermal Ability 


The thermal ability is a function of the magnitude of the current and its 
duration. The line type arresters can withstand surge currents of 2,000-3,000 
amperes crest and the station type arresters 10,000 amperes crest with surges 
of relatively long tails. These arresters can withstand a limited number of 
surges of higher current values provided they are of shorter duration. 
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the characteristics of the protective devices and the in- 
sulation strength of the equipment. Since overvoltages 
due to lightning are conceded to be the most serious 
source of trouble, then logically the characteristics of 
the surge protective equipment will form the criterion. 
The insulation level of apparatus must be above the maximum 
surge voltage presumed to be allowed by the protective device 
on. a volt-time basis over the range of time selected. 

The transformer is usually the most important piece 


of equipment in a station, both from the standpoint of 


cost and of service continuity. Furthermore, the major 
insulation in a transformer has practically a flat time- 


‘lag characteristic (figure 3) and this tends to make its 
protection from surges having high amplitudes and steep 
fronts a more serious problem than that of air, oil, or 


porcelain insulation. The protection of the transformer 
insulation has, therefore, been considered to be of prime 


importance in determining a proper insulation level. 


Having available performance data on protective equip- 
ment and having evaluated the marginal factors, the 
determination of insulation levels is chiefly a matter of 
the selection and application of the protective equipment. 


- The protective performance of modern lightning arresters 


lishment of a series of protected insulation levels. 
-resters generally have the following characteristics which 


has been selected as a suitable basis for the initial estab- 
Ar- 


are of value in this connection: 


(a) A regular series of voltage ratings, including the distribution 


voltages, have been standardized. 


(0) The performance characteristics as indicated in table I have 
been determined as typical, and it is assumed that the devices 


produced by the principal manufacturers have characteristics 
sufficiently similar to render them suitable for general application. 


(c) The performance characteristics are such as to approximate the 


 volt-time characteristics of transformer insulation. 


(d) The performance characteristics are unaffected by weather and 
do not greatly change in general character with considerable change 
in voltage rating. 


Application of Lightning Arresters 


The principal factors in the selection of the rating of a 
surge protective device, such as a lightning arrester or a 
gap, are: 


(a2) The maximum dynamic voltage which may occur between 
sound phase and ground under any fault conditions. The device 
must withstand this voltage without failure. 


(b) The efficacy of the protective device in maintaining a low 
protected level and at the same time meeting satisfactorily the 
system operating requirements. The impulse volt-time character- 
istics must be below that of the equipment to be protected. 


(c) The surge current which must be satisfactorily discharged. 
The thermal ability must be adequate for the currents expected. 


The voltage rating of an arrester represents the maxi- 
mum dynamic voltage which the arrester can withstand 
continuously and which it can interrupt after discharge. 
The arrester rating must, therefore, be greater than the 
maximum dynamic voltage which may occur between 
the arrester terminals during disturbances, allowing for 
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the power system neutral being isolated, or grounded, as 
the case may be, and considering the actual maximum 
operating voltage. Allowance must also be ‘made for 
the voltage recovery rate and any overvoltage conditions 
which may exist due to the overspeeding of hydroelectric 
generators, etc. The protection afforded by a lightning 
arrester is approximately proportional to its voltage rating 
and, therefore, it is important to use an arrester of as low 
a voltage rating as possible. Table II presents the general 


Table Il. Typical Application of Lightning Arresters 
Preferred Arrester Rating 
(Maximum Line-Ground Voltage, Kv) 
System Approx. Range 
Voltage System Operating Neutral Not Neutral 
Classification Voltage Effectively Grounded Effectively Grounded 
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13,2000: 25550 12,100-14,300......... U5 ep Sonat. heres 12 
W454 OO oe te ons 13:200=05;000ne ae 15: > Set eens eee 12 
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application of arresters to systems in the various voltage 
classifications. 


DYNAMIC VOLTAGE 


The normal “‘full voltage” rated arrester is designed to 
operate on an ungrounded or isolated neutral system where 
the voltage existing between line and ground may at 
times equal the normal line-to-line voltage. The arrester 
rating is generally 5 per cent or more above the maximum 
operating voltage. Under favorable conditions where 
the system neutral is effectively grounded, better protec- 
tion may be obtained by the use of an arrester having a 
reduced voltage rating, provided the upper limit of dy- 
namic voltage is not exceeded under any operating con- 
dition. In the past “grounded neutral’ arresters have 
had voltage ratings approximately 80 per cent of the 
“full rated’ arresters. This gave a wide margin above 
the normal system line-to-neutral voltage to allow for 
fault voltages, etc. 

For the purpose of determining the allowable arrester 
voltage rating, the maximum dynamic voltage which may 
occur during fault conditions between the sound phases 
and ground may be calculated by the method of sym- 
metrical components. Under certain conditions, a 2-line- 
to-ground fault may be slightly more severe than a single 
line-to-ground fault. 

For a single line-to-ground fault, Wagner and Evans® 
have shown that: 


e /3E, »/3(Zo + R) + 7(Zo + 22, + 3R) 
a Z2+2Z:+2Z2+3R 


Ep 


where 


E, = voltage between sound phase and ground 
E, = normal line to neutral voltage 

Zi, Z2x, Zo = sequence impedance to point of fault 
R = fault resistance 


Arresters of reduced voltage rating should not be ap- 
plied except where the neutral is “‘effectively grounded” 
and the following conditions are met: 


(a) The neutral of that portion of the system must be grounded at 
all times and under all operating conditions. 


(b) The ratio of zero-sequence impedance (including neutral im- 
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pedance and fault resistance) to positive-sequence impedance or 
negative-sequence impedance (Zo/Z, or Zo/Zz) must be equal to 
2 or less under maximum fault conditions. Due consideration 
must be given to the circuit impedance as affected by sequential 
operation of circuit breakers at the ends of a line. 


(c) The arrester voltage rating must be at least 10 per cent above 
the calculated maximum sound phase voltage to ground. In general 
it will be found that 


if Zo/Z, = 2 or less, an 80 per cent arrester may be used 
if Zo/Z, = 1 or less, a 70 per cent arrester may be used 


These latter percentages should be applied to the maximum line-to- 
line operating voltage in determining the allowable arrester rating. 


SURGE CURRENTS 


Considering traveling wave phenomena, it would be 
possible to calculate the magnitude of the surge discharge 
currents through the arrester for the various combinations 
of line and station insulation which may be encountered. 
These calculations, however, involve a number of in- 
determinate factors, including the surge impedance to 
ground, the magnitude and the wave shape of the surge, 
etc., and it is not generally considered feasible to make such 
calculations for each individual case. In the present 


discussion, the surge discharge current through station — 


type arresters has been taken at 5,000 amperes crest and 
for line type arresters at 3,000 amperes crest. 
values appear to be reasonably moderate in view of 
available field data® regarding lightning arrester surge 
currents. Furthermore, the voltage across the arrester 
during discharge does not increase in proportion to the 
surge current. 


MARGINAL REQUIREMENTS 


The typical performance of arresters, as given in table 
I, applies only to the arresters themselves, without any 
tolerances or margins. It must be realized, however, 
that with any protective device, an adequate margin 
must be provided above its performance characteristic 
to allow for manufacturing tolerances, different types of 
installations and to insure proper selectivity between the 
protective performance of the device and the apparatus 
insulation. The necessary margin is thus affected by a 
number of factors and should cover both long time im- 
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These 


pulses and short waves of steep front and high crest. 
The following tolerances and marginal items have been 
considered in this analysis with values as indicated: 


(a) Tolerances in performance characteristics of arrester. 
upon manufacturer’s information, these have been taken as: 


Based 


Gap breakdown voitage = plus 5 per cent to 25 per cent 


IZ drop across arrester during discharge of specified current = plus 
5 kv + (5 per cent to 15 per cent) 


(b) Effect of distance and potential gradient during surge conditions 
which may generally exist between the protective device and the 
apparatus on the basis of modern station layouts. The capacitance 
of station equipment will be effective in reducing the slope of the 
incoming surge wave. In the larger high-voltage stations this 
_ mitigates against the higher reflected surge voltages and complete 
double voltage reflections would not be expected unless the station 
capacity were very small and the station located at the terminal 
of a line. 

The possibility of flashover occurring on the front of the wave, 
rather than on the tail of the wave as considered in the recent 
AIEE test procedure using waves of moderate crest, has been taken 
into account by considering steep wave fronts and both the short 
time and long time characteristics of insulation and protective 
devices. Considering the magnitudes of surge voltages and the 
reflection effects which may reasonably be expected, it appeared 
that a short time potential gradient of one kv per foot should be 
adequate allowance for distance, arrester connections, etc. Arresters 
to be effective should be located as close as possible to the apparatus 
being protected. In the case of 2,400-volt and 4,800-volt pole- 
mounted units, the distance between the arrester and the equipment 


has been taken as 4 circuit feet, with a gradual increase up to 150 
circuit feet for the 240-kv class installed in stations. 


(c) Selectivity Margin. It is necessary to provide an adequate 
margin, both with respect to time and voltage, to insure that the 
protective device shall function properly before insulation break- 
down or damage may occur. There is apparently little definite 
information available pertaining to the margins which may be 
necessary. After reviewing past operating experience and corre- 
lating the performance of arresters in service with the information 
available regarding existing insulation levels, it has been concluded 
that a selectivity margin of some 30 kv to 40 kv (in addition to 
manufacturing tolerances and circuit gradient) is the minimum 
which may be used in the transmission-voltage classes. 


PROTECTED LEVELS 


In this analysis, arresters have been utilized on the basis 
of the voltage rating being approximately equal to the 
system line-to-line voltage, i.e., the use of a full rated 
arrester. The actual application of an arrester on a 
particular power system should ordinarily be on the basis 
of using one rated as low as permitted by the maximum 
dynamic voltage which might exist between sound phases 
and ground as previously described and the protection 
would be proportional to the voltage ratings shown. 

Table III presents an analysis of the performance 
characteristics of station and line type arresters and in- 
cludes the various marginal values which have been de- 
scribed. The terms ‘‘short” and ‘“‘long’’ coupling have 
been used to designate the location of 
the arrester relative to the transformer 
being protected. 

Figures 4 and 5 illustrate the arrester 


performance and station equipment 
insulation levels on a volt-time basis 


reeuneek 
OMG 


BASIC LEVEL 


saa 


KX 
a, 


with a 11/.x40 microsecond minimum 
1100 positive wave. . Figure 4 assumes a 
23-kv system requiring a 25-kv arrester. 
1000 This arrester will have a gap break- 
down potential of 85-89 kv, and the 
900 breakdown will take place in approxi- 
mately one-half microsecond. The 


NX 
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}_ 


800 voltage across the arrester when dis- 
charging 5,000 amperes will be 100-110 


+ 700 kv 


With manufacturing tolerances 
and with the circuit gradient given in 


+ 600 


table III, there exists a net selective 
margin between the basic insulation 


RAK 


level and the arrester performance of 
27 kv to 40 kv. In figure 5 the per- 
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formances of 60-kv and 73-kv arresters 
are compared with the volt-time char- 


acteristics of 69-kv equipment, basic 
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level, and with the AIEE test rod gap 
of 20.6 inches. It will be noted that 
the net selective margins between the 
basic level and the arrester amount 
to 35 kv to 40 kv for the full rated 
73-kv arrester and 80 kv to 92 kv for 
the 60-kv arrester. 

Figure 6 shows the relation between 
the recently agreed upon basic insula- 
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tion levels® and arrester performance when discharging 
5,000 amperes surge current. The margin between 
the arrester performance and the long time insula- 
tion level of equipment will generally be greater than 
is indicated by this analysis because the surge cur- 
rents will not be maintained at high values for long 
periods of time. Incoming surges which produce these 
heavy currents will generally have caused flashovers out 
on the line and will thus be chopped. The margin at 
short time intervals will also be somewhat greater than 
indicated because the insulation strength of apparatus is 
inherently higher than the basic level at short time in- 
tervals. These margins between the arrester perform- 
ances and the basic levels generally range from 30 kv to 
100 kv in the various voltage classifications, as shown in 
table III. In certain cases, such as in the 15-kv classifica- 
tion, the margins are relatively small. In cases where 
arresters do not have as favorable characteristics as have 
been considered herein, or where conditions are unusually 
severe, the margins will be still smaller or even non- 
existent. 


Table Ill. Analysis of Arrester Protection 
Short Time Long Time 
Basic 
Insulation Arrester Arrester 
Arrester Breakdown Circuit Selec- IZ Drop 
Voltage Level Rating Incl. Gradient tivity Incl. Selectivity 
Class (Crest (RMS Toler. at Margint Toler. Margint 
(Ky) Ky) Kv) (Crest Kv) 1 Kv/Ft (Kv) (Crest Kv) (Kv) 
Line Type—Close Coupled Instaliation 
DB tena) “OOH srierer iS nmaten De ee. De ie HOTS eet 20 geeoS 
5.0 63s Oe ae. 0 eee Arai ML OG cuspatrs 34.... 29 
8.66 SOM ers Oe eecrsies Glens Dee Ue aie 49.... 31 
baer ese octe Giese Le ties 63ee 37* 
15 TOOMScee L5R Shes SB ret 6 aL lala res Awe eeO 
DOMES san SS reser. Ui 5 Se é 87 63* 
25 TS OM aac Qe cata ass: LTO 8 Beeb cia ahaa 107 43 
BOs fens Le Tine saad 9 Daz as 126 64* 
34.5 190K ae BY AS ths Bee 154 ce50 5 9 PY fe ee ae Who o.0 CB 
46 SO Ae te BO Meer LOS is. 11 Aes crac 210... 40 
COM eis. PY Ge acne 13 LLOs Fees 252 108* 
69 Se es, Upsets Bias he SOO Caen. see 15 4S) heh 304 56 
Line Type—Long Coupled Installation 
DMT aon hot OS een ees ORC Ree PD lhe Speak AST ec Lm cen reer PANG oo oe 83 
Oia BS eece Give aot gee LO aque dra cye sce 34.. 29 
8.66. . SOBs <3 Deni chs Client 17 Pe AQ Aen oil 
NS couaguss Wet sees 18 Oe er (oc 37* 
15 LOOM eee Se ereer Sone Di, =e 5 onne 74... 26 
DO) sae te BB ancsnes Zor Meeks O tate YG nc 9. (BH! 
it ace lO sere DD) eats GMO feces pA ayencpriie seers ras 107.5... 43 
SO 1H foeennee WN. eG KHPA O60 126): 64* 
SA Ope LOO et creer SV rca oe DASE oo Ci eae ot ees Mii sae 8E 
46 mee OU scr e zg HO sears 9S) no. Soi LS eels 2LO hee 50 
Station Type—Long Coupled Installation 
2.5 Baume a3 Semen AB iat cee DOM Gael Sievers Leen oO 
5.0 OSes ere Gea Doe 20. Siva nets 27 36 
8.66 SO cae: OF cents SS ees 24 Ry WLS ite cece 39 41 
i PON eee 43.. 26 aero Cnve te 58 5 Cte 
15 VOORrare sr Oe ee tute DA ais 29 IE Ercrtiete TL . 29 
1 ee cc ie Tae ae 31 AM i: 6c 84.. 66* 
25 WSOC a,:.> DOs d ontes co eee 34 P17 Aare a LTO. 40 
BO Cees LO Digerents 37 oko i Oe 138. . 52* 
34.5 TOO acer SHES er cttee Sil eee, care 42 A emeratecnss 16m 27 
46 2/5 Olssanesstere BO ets oace WANE ct ae 49 OES ae 2155. 35 
Olmert PANE os cy 4309) SOs sae 268.. 92* 
GO ee oOO ars ase Bae as 263-72 OPeawe ho) monet 320... 40 
Cpe aera 2 7 Oerarenr OC cerns BAT eh is VS wk, 2D" pen ae 425.... 45 
SU oe. SAVE ceo oe Die poe: AZO). 2s DO} eM erases 530.... 40 
138 eraee OSU at ate UA oe ee LO bene eye LOO:Siaies GBA. 635.... 45 
161 Pree: eh OO he shee LOG Scone 6 GOORs as TYG aes Oe os 740.... 50 
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+ Basic level minus (arrester performance + tolerance, etc.) 
* Margin obtained on grounded neutral system where arrester voltage rating is 
below basic insulation level classification voltage. 
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; 
Conclusions ) 

Insulation co-ordination requires a study of the entire | 
surge protective scheme and, among others, the following - | 
items should be considered. | 


| 
(a) Lightning arresters of suitable characteristics connected metal- 
licly and as closely as possible to the equipment to be protected. 


(b) Protective gaps having suitable flashover voltage character- 
istics and located on the line side of oil circuit breakers connected to 
overhead lines. Gaps should not be mounted directly on trans- 
former or breaker bushings. 


1 


(c) Ground wires properly installed on overhead lines and extend- 
ing an adequate distance out from the station. 


This study of the co-ordination of insulation indicated 
that insulation levels for various operating voltages could _ 
be assigned, depending upon the class of service, the per- 
formance of the surge protective equipment utilized, and 
the economics of the situation. This has been substan-. 
tiated by years of operating experience with apparatus | 
installed in stations wherein the insulation was designed 
in accordance with these principles. ns | 


Furthermore, it may be concluded that: | 


(a) Full rated lightning arresters which have suitable performance _ 
characteristics and which are properly located will provide protec- ; 
tion for the basic insulation levels® listed in table III (except the 
15-kv level) down to extremely short time intervals, except for some 
direct strokes or unusually severe conditions. 


(6) Lightning arresters of less than full voltage rating can be 
utilized on systems having the neutral effectively grounded and will 
give a greater margin of protection than will full rated arresters. In 
such installations, apparatus having impulse insulation strength 
levels one step below the basic level will be protected if the arresters” 


; ee = | 
have suitable characteristics. ‘ 


(c) The impulse insulation strengths of electrical apparatus in the 
various voltage classifications should be equal to or greater than 
the corresponding basic insulation levels. ‘ 


(d) The alternating voltage dielectric tests for particular conditions _ 
should be in conformity with the operating requirements and the — 
insulation level selected. Under particularly favorable operating 
conditions, it seems reasonable that the alternating voltage dielectric 
tests may be reduced below present levels. 


| 
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Surge Protection of Distribution Systems 


By J. K. HODNETTE 


MEMBER AIEE 


Synopsis 


A quantitative investigation of the surge protective 
requirements of distribution systems and the power 
frequency voltage requirements of protectors for these 
systems, has been made which leads to the conclusions 
that:. 


1. The surge current discharge capacity of protectors should be 
100,000 amperes to prevent damage from lightning. In general, 
50,000 amperes capacity will give satisfactory results. 


2. The surge voltage breakdown characteristics should be similar 
in shape and lower in value than the transformer insulation. 


8. Field experience, as well as laboratory tests, have proved that 
a high degree of protection is obtained with a ratio of protective 
device initial discharge voltage to normal frequency voltage of 9 
to 1 in voltage classes up to 13.8kv, compared to the present conven- 
tional arrester rates up to 3.5 to 1. 


4. Testing of protective devices under conditions more nearly 
_ representative of their service requirements should be considered. 


J. Function and Operation 
of Surge Protective Apparatus 


lines and apparatus is the high surge voltage pro- 

duced on them which breaks down insulation and 
renders the line unfit for service. Following such break- 
downs, current will flow from the line to ground in order 
to discharge the energy induced in the line by the light- 
ning stroke. This current may reach extremely high 
values, and since an arc is usually associated with its 
conduction to ground, burning and physical destruction 
may be severe. Finally, large magnetic forces are caused 
which may damage lines and associated apparatus. 

The highly concentrated energy discharge associated 
with the lightning stroke may be transmitted to the power 
line in either of 2 ways. First, the lightning discharge 
may terminate directly on a line conductor, in which case 
the entire current of the lightning stroke must pass 
through the line and associated apparatus to ground. 
This is called a direct stroke. Second, if lightning strikes 
in the vicinity of a power line, the electrostatic field is 
raised to such a high value that a considerable over- 
voltage is induced init.’8 Such surges are called induced 
surges or indirect strokes. As a result of either direct or 
indirect strokes, the surge on the line will travel along it in 
both directions with very high velocity. The wave shape 


| Te: MENACE of lightning to electrical power 


A paper recommended for publication by the AIEE committee on protective 
devices. Manuscript submitted March 30, 1937; released for publication 
April 30, 1937. 


J. K. Hopnerte is transformer engineer with Westinghouse Electric & Manu- 
facturing Company at Sharon, Pa.; L. R. Lupwic is division manager for the 
same company at East Pittsburgh, Pa. 


1. For all numbered references see list at end of paper. 


June 1937 


L. R. LUDWIG 


ASSOCIATE AIEE 


of the surge will change, however, and the traveling wave 
will be attenuated, so that in the course of even a short 
distance, the overvoltage will be considerably smaller and 
the length of the wave considerably greater than at the 
point where the surge originated. 

Protective apparatus connected to power lines for the 
purposes of minimizing lightning damage must provide a 
short and direct path to ground in the event of a surge, so 
that the induced voltage on the line will be held to a value 
lower than its insulation level. The simplest means of 
protecting the line and connected apparatus is to sud- 
denly ground it in the event of a lightning discharge. 
A spark gap is the simplest form of device which can be 
used for this purpose. The gap will be broken down by 
the overvoltage introduced on the line and will very 
quickly pass sufficient current so that the voltage on the 
insulation will be limited to a small value. 

This simple expedient is not ideal, however, since the 
voltage at which the gap will be broken down increases 
with increasing rates of voltage rise, and consequently 
the protection provided is not uniformly good. The 
volt-time characteristics of such a device are shown in 
figure 2, curve D. Furthermore, the breakdown voltage 
of a simple gap is erratic and not subject to close control. 

A simple gap also has the very great disadvantage that 
after the lightning phenomenon is over, the line is left 
grounded. This means that short-circuit current will 
flow in most cases, and circuit breakers must be opened in 
order to clear the gap. Consequently, there is a line 
outage. It becomes then a required characteristic of the 
lightning protective device that it automatically opens 
the established circuit between line and ground after 
complete discharge of the lightning stroke energy. 

To accomplish this result it is essential that the simple 
gap be fundamentally modified. There are 2 known ways 
of making lightning protectors self-clearing. One prin- 
ciple is to connect a valve element in series with a gap from 
line to ground. This valve element is so constructed 
that the impedance drop across it is substantially constant 
and somewhat greater than the crest of the normal line 
to ground power voltage. The lightning surge voltage 
will then be limited to this impedance drop and the 
“valve” together with its series gap will pass current 
sufficiently freely to so limit the voltage. After the surge 
energy of the lightning stroke is discharged only a small 
current will pass through the valve due to the high imped- 
ance which is reached as the surge current decreases. 
Since it has been impossible to construct a theoretically 
perfect valve element, the series gap has been introduced 
to serve the dual purpose of “interrupting” the small 
residual current which remains after the surge discharge 
and of isolating the valve from power voltage under 
normal conditions. 
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The second principle is to enclose the gap in walls of 
fiber which evolve gas under the action of an are so that 
high interrupting capacity is obtained. In this device 
under some conditions a larger power follow current may 
flow just after the surge discharge, but it is interrupted 
at the first current zero. A series resistor is used to limit 
the magnitude of this power current. 

Qualitatively, the common requirements of a satis- 
factory lightning protective device are: 


1. The device must be capable of passing without damage any 
lightning current to which it is subjected. 


2. Its voltage breakdown characteristics should be as nearly 
linear with time as possible, and under all conditions lower than the 
apparatus which it is desired to protect. 


3. Its impedance drop when passing such currents should be well 
below the insulation breakdown level of the apparatus to be pro- 
tected. 


4, After passing surge currents, the device must be capable of 
cutting off any flow of power current even with full power frequency 
voltage across it. 


5. In order to prevent undue operation, the power frequency 
voltage required to ‘‘breakdown’”’ the protective device should be 
substantially above the normally impressed voltage. 


These requirements will be expressed quantitatively in 
the following sections. 
II. Surge Current Requirements 
of Protective Devices 


For a number of years, engineers have been collecting 
quantitative data on the nature of lightning strokes—their 
magnitude, duration, polarity, probability of occurrence, 
etc., Measurements on transmission lines, distribution 
lines, and general field measurements have yielded valu- 
able information on this subject. Direct and indirect 
measurements have been made. The latter have as their 
basis some physical effects such as mechanical forces, 
fusion effects, magnetic effects, etc., which are related 
to or calibrated by laboratory measurements. Indirect 
measurements have yielded much data on the magnitude 
and polarity of surge currents. More direct measure- 
ments are required to ascertain the shape and duration 
of surge currents and the nature of repetitive strokes. 

The data available indicate the following :! 


1. The most severe strokes from the standpoint of rate of voltage 
rise and magnitude of surge current are uni-directional single strokes 
negative in polarity. 


2. Approximately 95 per cent of lightning strokes measured on 
transmission lines are negative in polarity. 

8. Approximately 20 per cent of lightning strokes measured are 
repetitive. 

4. The number of individual discharges in a repetitive stroke 
ranges from 2 to 10, or more, with the average number 3 to 4. 


5. The total time duration of repetitive strokes is from a few 
hundred microseconds to one or more seconds with the impulses 
spaced about 0.03 seconds or more. 


6. The rate of voltage rise of direct strokes is probably 1,000 to 
3,000 kv per microsecond. 


7. Measurements indicate a probable maximum surge current of 
about 200,000 amperes in rare cases. 
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8. The duration of individual surges varies up to 50 to 100 micro- 
seconds maximum with the average probably not over 25 micro- — 
seconds. | 


Some of the data available are summarized in figure 1] 
for comparison. ‘These data represent different methods of 
measurement. Curve A is determined from the fusion 
effect of lightning currents on metal electrodes of deion 
gaps and represents data on 4,000 transformer years.’ 
From this curve, it appears that from 1/2 to 1 per cent of 
transformers in suburban and rural areas are subjected 
to surge currents of 10,000 amperes or higher, and approxi- 
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Magnitude of lightning currents recorded by 
different methods of measurement 


Figure 1. 


A—Lightning currents at suburban or rural distribution transformers as 
indicated by fusion effects. 4,000 transformer years? 


B—Lightning currents computed in tower legs on surge-crest ammeter. 
911 tower years? 


C—Lightning currents in towers above 5,000 amperes—surge-crest 
ammeter. 911 tower years 


mately '/, per cent are subjected to surge currents of 
50,000 amperes or higher. 

Curve B of the same figure, shows the surge current in 
transmission towers above 5,000 amperes. These measure- 
ments represent 911 station years and 235 records in 
excess of 5,000 amperes were obtained. They indicate 
19 per cent per year in excess of 10,000 amperes and 11/, 
per cent per year in excess of 50,000 amperes. 

Curve C is the computed currents in tower legs.* They 
are based on 911 tower years and 113 measurements, all 
of which are in excess of 10,000 amperes or a probability of 
12'/. per cent per year at the particular location. The 
probability of currents of 50,000 amperes and higher as 
indicated by this curve, is 3.7 per cent. 

Measurements by another method were made by 
H. W. Collins. Out of approximately 500 measurements, 
in excess of one per cent were above 10,000 amperes with 
the maximum measured 20,000 amperes. 
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PER CENT MINIMUM BREAKDOWN STRENGTH 


Additional valuable data on distribution lines has been 
contributed by McEachron and Halperin® on the prob- 
ability of surge currents in shielded urban areas and by 
McEachron and McMorris‘ on more exposed lines. These 
data indicate that the probability of surge currents in 
excess of 10,000 to 20,000 amperes in shielded urban areas 
is very remote indeed. In rural areas, however, 1 per cent 
of the surges were found to exceed 15,000 amperes. 

A summary of the data indicates that at least 1 per cent 
of the surge discharges will exceed 10,000 amperes and an 
appreciable fraction of 1 per cent will reach 50,000 amperes. 


An efficient and satisfactory protective device should 


be capable of handling surge currents of this order of 
magnitude.’ 

In analyzing data of this nature, it is necessary to take 
into account the natural difficulties of measurements. 


Due to the numerous points of low insulation level of 
distribution lines, diversion of current through multiple 
paths takes place easily, so that measurement at any 
one point may not be indicative of the maximum currents 
to be expected. From the physical concept of the prob- 
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- A—Breakdown characteristics of distribution transformer insulation 


B—Probable voltage and time curve at which deterioration begins 


_ C—Flashover characteristics of deion gaps and arrester gaps compared 


with A and B 


D—Approximate shape of bushing and rod-gap flashover curves (13.8 
ky class) compared with A and B 


lem, it would be expected that the maximum currents 


' would be of the same order as those obtained on high 


voltage transmission lines, particularly in exposed cir- 


~ cuits. 


The probability of surge current of a given magnitude 
occurring at any particular location on a distribution 
system decreases rapidly with increasing current. Some 
potential exists by induction at practically all locations 
every time there is a lightning discharge in the vicinity. 
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The nearer the discharge to the line, the higher the poten- 
tial on the line will be. Due to the reduced insulation 
level at transformer locations and other points along the 
line, induced currents exceeding 2,000 amperes would not 
be expected. With the advancement in the art of surge 
protection, transformer insulation and protective devices, 
currents of this amplitude are of no serious consequence. 
The serious problem of protecting distribution systems, 
as well as high-voltage transmission systems, is to deal 
with direct and near direct strokes. In distribution 
systems, this problem is complicated by the fact that 
most distribution lines are carried on wooden poles having 
a high insulation value to earth. Also, the resistance of 
the earth at the poles may be quite high. This combina- 
tion of factors makes it possible for surge currents of 
high magnitude to travel long distances along distri- 
bution lines and be diverted to earth through the low 
resistance path of the transformer secondary services. 
This means that lightning does not have to strike very 
near transformer locations for them to be subjected to 
high surge current. With the rapid extension of distribu- 
tion systems into exposed rural areas, adequate surge pro- 
tection afforded by protective devices capable of handling 
severe lightning stroke currents is paramount. 

The time duration of surge discharges through light- 
ning protectors has not been as completely measured as 
the current magnitudes. Available data indicate, how- 
ever, that a lightning stroke of 50,000 amperes will 
generally have a time duration of 25 microseconds at 
least. Consequently, time values of this order of magni- 
tude should be considered in judging the surge current 
handling ability of protective devices. 

The fact that many lightning strokes are repetitive 
argues that if the surge current capacity of a lightning 
protector is to be defined in terms of a single stroke, some 
allowance must be made for the cumulative dissipation of 
energy associated with multiple strokes. Consequently, 
there is additional reason for placing the minimum accept- 
able surge current capacity at a high value. 


III. Voltage Protective Requirements 


Adequate protection of distribution transformers and 
other equipment on distribution lines necessitates that 
the protective device limit the voltage that can exist on 
the insulation of the equipment to a value that will not 
damage any part of it. In considering the voltages 
existing on a distribution system, one has to take into 
account the high density of transformer locations and 
other points of reduced insulation. It is impossible, 
therefore, for voltages of very high magnitudes to be 
propagated on distribution lines as traveling waves. In 
general, impulses of this character are harmlessly drained 
off to ground by protective devices even under unfavor- 
able grounding conditions. Impulses of a more dangerous 
or damaging character appear as a rapidly rising voltage 
suddenly reduced by a flashover of the line or a discharging 
of the protective device, followed by a building up of 
current through the circuit so formed to earth. This 
current produces a voltage drop by virtue of the impedance 
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of the protective device itself and of the circuit in which 
it is connected. It is imperative that the impedance of 
this circuit be sufficiently low so that the voltage impressed 
on the apparatus under the most severe conditions of surge 
discharge will not damage the insulation of the apparatus. 
Both the impedance of the protective device and the 
surge impedance of leads and connections must be small 
and, consequently, it is necessary that the connections 
be made as short as possible. To illustrate this fact, 
it is possible to build up voltages in excess of 10,000 volts 
per linear foot in straight conductors in the laboratory. 
All beneficial effects of the protective device can be 
nullified by long connections. 

Distribution transformers are the major apparatus 
connected to distribution systems. The quality and 
characteristics of the insulation is an important factor in 
the successful operation of the distribution system. The 
normal frequency voltage strength must be sufficiently 
high to prevent damage from normal overvoltages, arcing 
grounds, etc., and to prevent corona and radio interference. 
This is insured by acceptance tests specified by the AIEFE. 
Knowledge of the insulation strength of transformers to 
impulse voltages is necessary to intelligently co-ordinate 
and successfully apply protective devices. 

A careful study of the impulse characteristics of dis- 
tribution transformer insulation has been made. Due to 
the many factors influencing the ultimate impulse strength 
of transformer insulation, quantitative data can best be 
analyzed on the basis of average results or guaranteed 
values. 

There exists a fairly definite ratio of the impulse strength 
of well balanced transformer insulation to its normal 
frequency strength. This ratio has been expressed 
numerically as 2.2, based on the 60-cycle crest value of the 
insulation breakdown strength. Applying this factor to 
the acceptance test voltages gives an indication of the 
minimum impulse strength built into transformers by 
the manufacturer. These values for low voltage distri- 
bution transformers are given in table I. In this class of 
apparatus the manufacturer maintains a much higher 
margin of safety to minimize mechanical defects and to 
insure reliable service than in higher voltage apparatus. 
While this margin cannot be definitely utilized, it never- 
theless aids in preventing damage from lightning. 

The volt-time characteristics of the insulation and 
protective devices is shown in figure 2. Curve A shows 
the characteristics of transformer insulation for a 
1!/.x40 microsecond wave. The minimum or full-wave 
impulse strength is represented as 100 per cent and as a 
function of time in microseconds from the start of the 
voltage wave. The shape of this curve was determined 
by the average of a large number of tests to failure of 
actual distribution transformers. 

Curve B of figure 2 shows the probable limits of 
voltage and time below which deterioration of the insula- 
tion is not expected to occur. The shape and values of 
this curve are established by applying repeated impulses 
of a given voltage and time duration to a transformer and 
noting whether or not deterioration begins. In applying 
this curve to a particular transformer, it is necessary to 
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take into account the natural variation or spread in 
impulse strength of transformers of the same voltage class 
and design. It is applicable to the figures in table I, 
directly without encroaching upon the manufacttrer’s 
margin of safety. 

On the same figure, curve C, showing the volt-time 
characteristics of deion gaps and lightning arresters, is 
given. Note that these curves are lower and flatter than 
curve B, Also, the approximate shape of the voltage- 
time flashover of bushings and standard rod gaps for 
6,900-13,800 volt class transformers is shown as curve D, 
While these 2 curves are not exactly of the same shape, 
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Comparison between protective devices 
transformer test levels 


Figure 3. 


A—Minimum 60-cycle voltage requirements of protectors 
B—One minute dielectric acceptance test 
C—Minimum impulse strength based on B 
D—Valve type lightning arrester breakdown voltage level 


E—Deion gap arrester breakdown voltage level 


they have the same general characteristics. Note that 
the bushing and rod gap curves are higher than the curve 
of probable insulation deterioration, as well as the insula- 
tion breakdown strength. For lower voltage classes, 
both the rod gap and bushing flashover characteristics 
are flatter due to their more uniform dielectric fields. 
It is necessary, however, to resort to considerably shorter 
gaps than the recommended co-ordinating gaps before the 
flashover curves are similar in shape to the insulation 
breakdown curve. 

These curves illustrate the desirability of a surge 
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protective device having voltage discharge characteristics 
similar in shape to the insulation characteristics of the 
transformer, and also the fact that standard bushings and 
rod gaps do not have this. 

The history of past development shows that protective- 
device engineers have constantly endeavored to design 
and produce apparatus which would be more reliable and 
which would have a lower ratio between discharge voltage 
and normal frequency line voltage. These 2 require- 
ments have not been entirely compatible and have been 
accentuated by code requirements. With the advance- 
ment in the knowledge of the characteristics of natural 
lightning and with it the theory of surge protection, the 
codes have been modified to remove these restrictions. 
Transformer engineers have kept pace by obtaining 
knowledge of transformer insulation characteristics and 
limitations. The protective-device engineer should have 
a free hand to design apparatus suitable for the service 
required of it and unhampered by past traditions. This 
means simply proper co-ordination of transformer insula- 
tion levels and protective-device discharge voltage. As 
indicated by table I, it is satisfactory to design distri- 
bution surge protective equipment for much higher dis- 
charge voltages than would have been considered practical 
several years ago. 


IV. Normal Frequency 
Requirements of Lightning Protectors 


The desire to reduce the surge level of lightning pro- 
tectors to a low value results in designing these devices so 
that their normal voltage cutoff is reasonably close to the 
applied power voltage. If this procedure is carried too 
far, the protector itself is endangered and it becomes a 
hazard to the power system. Consequently, at times 
there have been failures of these devices which were not 
associated with the discharge of lightning energy. It is, 
therefore, necessary to examine the power voltage condi- 
tions of the circuit to which the lightning protectors are 
to be applied, in order properly to design and use this 
type of equipment. 

Generally, protectors are applied to 3-phase power 
systems. These systems may be operated with the 
neutral solidly grounded or free from ground. In either 
case, the normal line to ground voltage will be the line-to- 
line voltage divided by 1.73. In the event of a fault from 
one line to ground, however, the performance of the 2 
classes of systems is quite different. The solidly grounded 
neutral system will, under theoretically ideal conditions, 
prevent the line-to-ground voltage during fault conditions, 
from rising at all. Actually this voltage will increase 
to a value of approximately 120 per cent normal line to 
ground voltage in average cases. If the neutral is not 
grounded, the full line-to-line voltage will appear from 
line to ground in the event of a ground fault on one con- 
ductor. Consequently, it is essential that the protective 
device be capable of interrupting the flow of power 
current after surge discharge with a voltage applied which 
will be at least 120 per cent of the normal line to ground 
voltage if the neutral is grounded, and which will be at 
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least 1.73 times line to ground voltage if the neutral is 
ungrounded. 

Grounded neutral systems are subject to considerable 
variation depending on the magnitude of the ground 
impedance. While the average overvoltage from line to 
ground in the event of a fault may be only 120 per cent, 
lightning protectors must operate satisfactorily on systems 
of high ground impedance. Furthermore, protectors may 
be located at a considerable distance from the point of 
actual grounding and a line to ground fault near the 
protector location effectively increases the ground imped- 
ance so far as voltage across the protector is concerned. 
It is very difficult to determine the maximum per cent of 
line-to-line voltage which the protector should withstand, 
but experience indicates that the value should be 80 per 
cent for solidly grounded neutral systems. In other 
words, the line-to-ground voltage will rarely exceed 140 
per cent of its normal value. 

Systems in the distribution voltage class are generally 
supplied with power through step-down transformers 
from higher voltage systems. In case lightning strikes 
the high-voltage system, surges of considerable magnitude 
may cause a flashover to ground and power current may 
flow through ground for several cycles. If the neutral 
points of the 2 systems are connected together to a common 
ground of comparatively high resistance, this flow of power 
current in the high-voltage system may introduce con- 
siderable overvoltage of power frequency in the low- 
voltage system. Direct flashover from the high to the low- 
voltage system during the surge is also a possible cause 
of high dynamic voltages on the low-voltage system. 
Obviously, the greater the difference between the normal 
voltage of 2 connected systems, the greater is the possi- 
bility of excessive power-frequency voltages introduced 
into the low-voltage network as a result of fault conditions. 
Consequently, it is good practice to build lightning protec- 
tive devices at the lower voltages with a greater factor 
of safety or difference between maximum permissible 
line-to-ground voltage and normal line-to-ground volt- 
age, than is the case with lightning protectors of the high- 
voltage class. 

Generally low-voltage lightning protectors are applied 
with less care than high-voltage devices. Often it is 
not possible to employ a theoretically ideal rating because 
low manufacturing costs preclude the availability of a 
wide range of voltage classes. These facts agaifi introduce 
the requirement that the voltage tolerance of distribution 
lightning protectors should be comparatively great. 

Another factor which at times influences the required 
voltage cutoff characteristics of lightning protectors, is 
the presence of harmonics in the supply voltage, particu- 
larly during fault conditions. Normally the applied 
voltage is sufficiently sinusoidal so that the crest value 
bears the normal relation to the meter readings. During 
faults, however, saturation of transformer iron may 
introduce harmonic voltages. The nature of the main 
power source must also be considered, since waterwheel 
generators without damper windings are subject to 
producing high harmonic overvoltages during line-to-line 
short circuits. It is furthermore possible that in certain 
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cases various lines and connected apparatus will be 
resonant to these harmonics, and cases have been experi- 
enced where very high harmonic overvoltages were present 
during fault conditions from line to ground. 

Surges resulting from switch operations on the lines may 
at times prove hazardous to lightning protector devices. 
Switching surges differ from lightning surges principally 
in 2 respects. First, the magnitude of overvoltage is 
much lower in the case of switching surges and major 
insulation is not endangered. Second, the duration 
of the switching surge may be much longer than the 
lightning surge, however, and the energy which must be 
dissipated in a protective device may be greater for the 
switching surge than for the lightning surge. Conse- 
quently, the lightning protector must be built sturdily 
enough so that it will handle any currents passing through 
it as the result of normal switching operations. 

As lightning protectors are generally constructed, a 
certain minimum voltage must be impressed across them 
before they begin to pass appreciable current. In other 
words, these devices exhibit definite breakdown character- 
istics. Generally, the breakdown voltage of protectors is 
considerably higher than their cutoff voltage. This is 
fundamental in the design of these devices, because the 
isolating means is generally a gap of some form and it is 
impossible to design a gap so that it will interrupt current 
up to the voltage necessary to cause a breakdown. Further- 
more, it is very desirable to set the breakdown voltage of 
the devices considerably above normally applied voltages, 
and in many cases higher than the normal switching 
surges. In this way unnecessary operations of the pro- 
tective device are prevented. 

In the distribution voltage class it has been general 
practice to have the breakdown voltage at least 1.5 times 
the maximum permissible voltage or cutoff value of the 
device. This figure is low for the best obtainable per- 
formance. The breakdown voltage at normal power 
frequency may easily be 2 to several times the cutoff 
voltage without impairing the surge protective character- 
istics, and if the designs are made in this way much 
greater safety of the protective device itself is obtained. 


V. Voltage Levels 
of Protective Devices 


The 2 preceding sections define the upper limits of 
discharge voltage of protective devices, and the lower 
limits of power frequency cutoff and breakdown voltage. 
In figure 3 the minimum insulation impulse strength has 
been plotted (curve C) for the different distribution 
voltage classes. The basic data for this curve are taken 
from table I. Also the minimum acceptable power fre- 
quency breakdown voltage has been plotted in figure 3 
(curve A). The difference between these 2 curves is a 
broad band into which the characteristics of the protective 
device must be fitted. Since the 60-cycle and surge 
discharge voltage of protective devices is different, or in 
other words since their impulse ratio is greater than unity, 
2 curves must also be plotted for the protective device. 
These 2 curves again form a band which is much narrower 
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than the band of required performance. The difference 
represents the total margin of safety of the protective 
device over service requirements. This total margin 
can be divided by design between margin over 60-cycle 
minimum requirements and margin under surge require- 


ments. On account of the relatively great total margin, 


Table |. Comparison of Guaranteed Normal Frequency and 
Impulse Strength of Distribution Transformers Based on AIEE 
Standards and Recommendations 
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* Minimum flashover or full wave for 11/2x40-microsecond positive waves. 

{| Maximum voltage applied in making impulse tests which flashes over bushing 
or equivalent gap. See recommendations of transformer subcommittee on 
impulse testing. . 


there is considerable choice in the design of the lightning 
protector. 

In figure 3 curves are also plotted showing the minimum 
60-cycle and maximum surge characteristics of valve 
arresters (curve D). Arresters have been widely applied 
to protect insulation of varying and unknown surge 
strength, and consequently, their characteristics have 
been designed to be comparatively low. Deion protectors, 
on the other hand, have generally been designed as an 
integral part of distribution transformers of known insula- 
tion strength. Furthermore, the transformers are tested 
on 60 cycles with the deion protector connected, and it is 
consequently necessary to maintain the 60-cycle break- 
down of the protector higher than the test voltage applied 
to the transformer (curve B). For these reasons, the 
deion protectors have surge characteristics considerably 
higher (curve #) than those of valve arresters. Field 
service records prove conclusively that both devices pro- 
vide adequate protection to the transformers. 
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Application of Spill Gaps and Selection of Insulation 


By H. L. MELVIN 


FELLOW AIEE 


Synopsis 


This paper presents, from the viewpoint of the engineer 
who plans and operates electric power systems, the appli- 
cation logic or theory and the performance results with 
various forms of spill gaps, for the protection of circuits 
and equipment from lightning, and the selection of insula- 
tion levels co-ordinated with this type of protection. 

The performance results are largely confined to trans- 
mission voltages, although the same general principles 
and logic apply over the entire transmission and distribu- 
tion operating voltage range. 


Background 


S A BACKGROUND of scientific research, service 
observation, and engineering experimentation the 
industry has available the results to date of study 

in 4 fields, concerned with protection of circuits, equip- 
ment, and service against lightning: 


1. Field research of natural lightning, also laboratory research, 
having to do with the nature and occurrence of lightning!?* 


2. The volt-time characteristics of insulators and insulating mate- 
rials under impulse and normal frequency voltages*® 


3. The performance characteristics of gaps and lightning arresters 
in commercial use*® 


4. Analyses of observed operating performance of electric trans- 
mission and distribution systems with particular reference to protec- 
tion from lightning?” 

In none of the above 4 fields of investigation and expe- 
rience can it yet be said that the results or knowledge are 
‘so complete that unqualified conclusions can be drawn 
with respect to each of the pertinent factors in the prob- 
lem. Nevertheless, enough has been learned that it has 
been possible to formulate tentative insulation and pro- 
tection policies and to secure from actual experience a 
reasonably conclusive check as to their soundness. 


General Aspects of Lightning Protection 


As in most transmission and distribution problems the 
best solution to the protection problem is judged in terms 
of both performance and cost. 

Protection from lightning has 2 primary aspects: 


1. Protection of equipment against damage 


2. Protection of service against interruptions 


Each of these is capable of separate evaluation, and ob- 
viously is dependent on such factors as density of load, 
type of load, and degree of exposure to lightning. 

The methods available for accomplishing protection 
may be broadly divided into the 2 groups of shielding and 
drainage. 
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Levels 
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SHIELDING 


Shielding of circuits and equipment is accomplished 
either by underground construction, or by the so-called 
“lightning proof” type of construction. To be effective, 
the shielding must be capable of withstanding all direct 
strokes of lightning, except possibly the most severe, 
without breakover or conduction of the lightning current 
to the power conductors. 

Shielding within the limitations of the specific installa- 
tion, protects service and equipment. Unfortunately it 
is economically feasible only in the case of the higher trans- 
mission voltages, and on circuits of major importance. 

In the lower transmission and distribution range of 
voltages, overhead circuits are not generally shielded. 
There are also many situations with the higher transmis- 
sion voltages, where lightning storms are infrequent or 
where lines serve large areas having small load densities, 
where the added investment for shielding disqualifies it 
from the standpoint of economy. 


DRAINAGE 


Drainage is accomplished by providing for relief and 
limitation of lightning voltages through flashover at pre- 
ferred locations. This includes the use of: 


1. Plain gaps with which no attempt is made to interrupt or seal 
off power follow current 


2. Fused gaps in which the series fuse interrupts the power follow 
current. These have limitations in application with respect to 
interrupting ability 


3. Lightning arresters which do not permit power follow current. 
Their effectiveness is limited to their surge current discharge capaci- 
ties 


4. Arc-interrupting gaps, in which the series tube interrupts the 
power follow current. These tubes have limitations with respect to 
minimum and maximum interrupting ability, and their application 
as at present commercially available is confined largely to line insu- 
lation protection 


Application of Spill Gaps 


The logic underlying the application of spill gaps of any 
type is: 
1. A spill gap provides a definite voltage discharge level with very 
high capacity for discharging lightning stroke current. The setting 


may be in terms of inches of air or in terms of voltage and time. 
The cost of the installation is the very minimum 
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2. Except for solid or oil insulated equipment, practically all line 
and substation insulation can be expressed approximately in terms 
of equivalent inches of air 


38. Co-ordinated with line insulators, bushings, switch and bus 
insulators, spill gaps provide dependable relief from dangerous surge 
voltages, at preferred locations for flashover, establishing definite 
levels in terms of inches of air or in terms of voltage and time 


The usual application of the different types of spill gaps 
iS: 
1. Spill gaps of the extinguishing types, that is, arc-interrupting 
gaps or fused gaps, installed along a transmission or distribution 
circuit, are used for 2 purposes: 


a. To provide a definite margin under the line insulation so that flashovers 
along the line will occur at the gaps, with interruption of power-follow current, 
to prevent line outages 

b. To limit the voltage impressed on the circuit and transmitted to installed 
equipment 


2. Plain spill gaps are installed at substations: 


a. At the line entrances, with margins under all other insulation levels within 
the substation 

b. Within the substation, on the bus or at equipment, with discharge levels 
somewhat higher than those established at the line entrances, as final or back-up 
protection against bus flashover or equipment failure 


3. Fused spill gaps are installed at substations either at line en- 
trances or on the bus or at equipment in a manner similar to and 
supplementing plain spill gaps to protect against service inter- 
ruptions. Their use depends upon the expected frequency of light- 
ning flashovers and the type and importance of the load served. 


Selection of Insulation Levels 


Basic INSULATION LEVELS 


During early discussions on insulation co-ordination it 
was common practice to think of insulation levels in terms 
of the amount of porcelain insulation or in inches of air 
(rod gap), in which case a level would not be a level in 
terms of voltage but would vary with the volt-time 
breakdown curve of the rod gap or insulators. 

More recently, the accepted measure of a basic insula- 
tion level is in terms of volts, and is therefore more truly a 
level, being a constant value of voltage, regardless of the 
time to breakdown, except that the time is limited to a 
range in microseconds usually associated with impulse 
voltages. 

Nevertheless, insulation as used, does not have a fixed 
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voltage breakdown strength, and the volt-time break- 


down curve of each unit of insulation or piece of apparatus _ 


is its own insulation level. 


A “basic’”’ insulation level serves no other purpose than — 


as one of a series of standardized voltage bench-marks to 
which the insulation levels of line and station insulators, 
bushings, transformers, protective devices, and other 
equipment may be referred in the process of selecting a 
proper or desired level of insulation for a particular in- 
stallation and working out co-ordination. 

The minimum practicable basic insulation level that 
may be established for a given installation must be high | 
enough so that insulation flashovers or failures will not 
occur from normal frequency overvoltages or from surge 


voltages originating within the system, such as switching — 


surges. 

The adoption of these minimum insulation levels on a 
system would result in minimum initial investment in 
line and station equipment insulation. This practice 
may not be practicable in specific situations, as for example 
a basic insulation level above the minimum often will be 
advisable in order to provide (1) equipment levels that 
will directly withstand or are capable of being protected 
against incoming traveling lightning voltages, or (2) equip- 
ment levels that can be adequately protected against se- 
vere nearby direct strokes of lightning. 


INSULATION LEVELS FOR EQUIPMENT 


The selection of the insulation levels for the bus and 
equipment, such as transformers, co-ordinated with a given 
basic insulation level, must take into account: 


1. The relative volt-time characteristics of the other equipment 
including the protective device 


2. The economic margin of protection, taking into consideration 
the expected severity and frequency of occurrence of lightning surge 
voltages 


3. Margins to provide for variations in insulation strength due to 
manufacturing tolerances and from deterioration 


Insulation research has demonstrated quite definitely that 
the breakdown of insulating materials under impulse volt- 
ages is a function of voltage and time. For fibrous insula- 
tions of most equipment the volt-time breakdown curve 
has the general shape of curve 1, figure 1. The curve is 
relatively flat except at the very short time intervals. » 

The impulse flashover characteristics of gaps are found 
to have the general shape of curves 2, 2a, and 2b. As com- 
pared to the curve for solid insulation, the gap curves are 
not as flat, voltage values rising sooner as the short time 
region is approached. 

Assuming gaps and insulation as illustrated, gap 2) 
would prevent flashovers of gap 2a, and gap 2a would pro- 
tect gap 2. Gap 2 would protect the insulation repre- 
sented by curve 1 only against impulse voltages rising to. 
flashover of the gap in a time longer than that point on the 
time scale where the 2 curves cross. 
rising to crest or to flashover of the gap in region X would 
damage the insulation represented by curve 1. A greater 
time range and margin of protection would be secured to. 
the insulation by gap 2a, and over the entire time range il- 
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Impulse voltages — 


lustrated, with margin, by gap 2b. These are equivalent 
to providing protection against more severe lightning im- 
pulse voltages. 

In spite of the large amount of work which has been 
done investigating actual strokes of lightning, insufficient 
knowledge and data are available concerning the voltage 
magnitudes and rate of rise at the point of stroke incidence 
and the relative probable frequency of occurrence of di- 
rect strokes of the greatest severity. For the present at 
least, reliance must be placed upon the record of operating 
experience to tell when a satisfactory degree of protection 
has been achieved. 


Operating Experience With Spill Gaps 


For discussing gap settings generally, without neces- 
sarily always referring to the associated system operating 
voltage, figure 2 has been prepared as a convenient refer- 
ence chart, wherein the commonly accepted 60-cycle 
flashover values of rod gaps are plotted in terms of the 
number of times normal phase to neutral voltage, for the 
range of rated circuit voltages. 


MINIMUM PERMISSIBLE SETTINGS 


Perhaps the most outstanding result secured from the 
observation of operating experience with gaps over the 
past several years is that, even in areas frequented by 
severe lightning storms, much lower spill-gap settings can 
be used than were originally 
considered possible. 

For transmission voltages 
on grounded neutral systems, 
it generally has been found 
that gap settings correspond- 
ing to approximately 2 times 
normal (phase - to - neutral 
voltage) are the lowest pos- 
sible. That is, gap settings of 
these magnitudes may be used 
without an undue number 
of flashovers, if any, due to to 
switching surges. However, 
the more generally applied 
minimum gap settings in the 
transmission voltage range 
correspond to approximately 
3 times normal voltage to 
neutral. 

In the distribution voltage 
range, the minimum gap set- 
tings are relatively higher, as 1.0 
they are fixed, not so much 
by switching surges and over- 
voltages, as by mechanical 
and other considerations such 
as interference from _ birds, 
also higher settings are per- 
missible due to the relatively 
greater prevailing insulation 
strengths of equipment. 


INCHES OF ROD GAP 
wW 


June 1937 


Probably the extreme lower limit of permissible gap 
settings is typified by operating experience at a substation 
in Louisiana on the extensive 110-kv grounded-neutral 
system in the lower Mississippi Valley. This substation 
is at the end of a 110-mile section of single circuit H-frame 
line, having very high impulse insulation strength. Fol- 
lowing a number of transformer failures, during which 
time the gap settings were reduced by steps from 31 inches 
to 18 inches, staged switching tests were made to deter- 
mine the minimum permissible gap setting. In these 
tests the gap settings were reduced by steps to 10 inches. 
With the 10-inch setting during one setup on the system, 
these gaps flashed over twice during 15 switching opera- 
tions, although on another system setup 65 switching 
operations did not cause flashover. The gap settings were 
increased to 11 inches and did not flash over during 45 
switching operations under the same setup which caused 
flashover with the 10-inch setting. 

These tests were made early in 1935 and the gaps have 
subsequently remained in actual service with the 11-inch 
setting during 2 lightning seasons. The gaps are of the 
repeater fused type, mounted directly at the transformer 
terminals. The setting of 11 inches is equivalent to ap- 
proximately 1.7 times normal phase-to-neutral voltage. 

At another substation on this same 110-kv system, 
where 11-inch repeater fused gaps were installed in 1936, 
further tests have definitely indicated that the switching 
surge caused by the opening of an oil circuit breaker on a 
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stub line can cause an 11-inch gap to flash over. 

Early in 1936, at the first substation, 2 additional sets 
of repeating fused gaps were installed, with the 11-inch 
setting. Retaining the original set at the transformers, 
one new set was installed on the first structure of the in- 
coming 110-kv line, and the other set on a line structure 
about 2 miles from the substation. During the year 
1936, the total number of fused gap operations, on all 3 
phases, at the 3 locations, were as follows: 


Number of Operations 
of Repeater 


Fused Gaps 
ATTEN EMEFANSLOLIIELS oreo che cask she peices eh ec ods b-syehiouaneansse nus aeee 28 
IAT therfrst line Structures ase ieieiclers. cou eine dts olsko neve retagstenciate ithe Faris 21 
Atistructsure 2 miiles Qwa yi ccc oie ices a ica ccwsseurgenace wise ave adobe le varep ure 20 


A definite correlation was not determined between fuse- 
gap operations at the 3 locations or between operations of 
individual fuse gaps and oil-circuit-breaker openings. There 
probably were a number of simultaneous operations of 
gaps. The evidence indicates that if any of the gap flash- 
overs were occasioned by switching surges, they were 
successfully cleared by operation of the series fuses. Dur- 
ing the year the line tripped out a total of 28 times 
due to lightning flashovers. 


EFFECT OF GAP SETTINGS ON NUMBER OF FLASHOVERS 


Along shielded overhead circuits, the values of voltage 
induced on the circuit conductors through coupling effects, 
vary with the severity of the strokes of lightning to the 
line. The maximum voltage that can appear on the cir- 
cuit at the point of stroke is limited to the line insulation 
level. 

Along exposed circuits, there is probably less variation 
in the magnitude of the lightning voltages appearing on 
the circuits as it seems reasonable to assume that any 
direct stroke and most side flashes and branch streamers 
would cause line flashover, regardless of the amount of 
line insulation. The voltage therefore is determined by 
and limited to the line insulation flashover level. 

In any case the impressed surge voltage at the point of 
stroke, travels toward the line terminals and appears at 


Table I. 


substations, after being subjected to the effects of attenu- 
ation and reflection, with magnitudes very seldom any 
greater and usually much less than at the origin. 

Experience with both shielded and nonshielded lines in 
different parts of the country, all exposed to frequent and 
severe lightning, indicates that with gap settings at sub- 
stations equivalent to or greater than 3.5 times normal 
phase-to-neutral voltage, there are relatively few gap op- 
erations compared with the number of line tripouts or 
line flashovers from lightning. There are an increasing 
number of gap flashovers, as lower and lower settings are 
used. 

The following paragraphs cite typical experience with 
gap settings ranging from 3.5 down to 1.7 times normal, 
for transmission voltages. While only limited data are 
included, experience on these and other situations covers 
a period of 6 to 10 years. 

As an example of experience with gap settings averaging 
3.5 times normal for transmission voltages, and somewhat 
higher for distribution, the following number of stations 
were protected during 1935 and 1936 by spill gaps in cen- 
tral and eastern Texas. The performance record of these 
spill gaps during this period is summarized in table I. 


Number of Substations Protected 


1935 1936 
22:kv and Above Han Gia a cehes ani -tesate tees eee eaten SOs ean om 55 
TO EV and elow: i .fac5 crtaritea evens norte meee ate aes BA Siclesatonietrereeale 65 
On both high and low voltages................... 2015. Ree Gers 25 
Total number of stations protected on either 
high or low voltage by spill gaps................ Ce Scape riate teeta tele 95 


In Florida, on a 66-kv system, with line-terminal gaps 
set at 11 inches (approximately 3.0 times normal), and 
with line-insulation levels equivalent to 14 inches to 45 
inches, of air, experience indicates that gap flashovers at 
the substations occur with about 4 per cent to 16 per cent 
of the lightning flashovers on the lines. The lower and 
higher percentage values are associated with lines of low 
and high insulation levels, respectively. 

At a generating station bus in Arkansas, on the same 
Mississippi Valley 110-kv system previously mentioned 3 
14-inch spill gaps per phase with series fuses (approxi- 
mately 2.2 times normal) were installed in July 1934. In 


Spill-Gap Performance in Texas—1935-36 


Number of Individual Phase Gaps Number of Individual Gaps Which Did 


Gap Settings in Service Not Flash Over During the Year 
Operating Voltage 
(Ky) Inches Times Normal* 1935 1936 1935 1936 
POONA wetnataretiets aoerd ae QDO=SO? cere tae tie ean Soars DG H4 bik haw Wie oye aceack BOs. niunponcemsvaterens 6% OO) Fern can marcos GES. Szicn tn creer ote 68 
GON Uincecrte sige aie e's A -aRI, shx chit shanaeat eaters OL Eres fale chars Gielen tenia 24h: Ken taialoyae Sseutiauere DED Oe Bok ook 2a xe Vennotec een eee 246 
GOR Sreh sheet hiciacetetnces & LO Ok Oy iReRe rae oti RereR boc Vie te PR MERON CLR OME LS Steer wikhews mi eaaiedens LOBE. cme een ae PAS cas errekie ey renee 149 
SO) MA acoso enten sem ware [Gere len icheaeyerthc chore Ores SVB =A Bere W occieystecialeoe ousus LD Sore swepooresraus eave autcc LD sss tons eigen Te ee Debs capnstcherakstseauet amet 15 
DD cits) Seviiv da auahb ar Toray UI B= GE ics caesar sent are arene 462812). cstv em kietee she DA wire. ates cas late tusks GO) t saw ohne ete it teeter tren cnr earner 68 
2p Owkeriaun sree eeu tenske sere 8/ GBT en rvcatem nage cenetas her 4 O58 iso isdonort en weneuarset, ORY ent ORG DIO RAEN Decor AOD A ak henhurd ace QT OM kisi serene 395 
VRC TURE Da cece MERC RCRTE Carn Cry V3 / do rece erasers chan vier iO Mice aiaesatn come Oia FACIE RSL RARER Co LGA uke snec ncene terete O ete sia, ee oe ere 15 
APA Gsrtensteheveuttecretevensts UG SSA tevaca es ober a con ets Tare rth ose vnisatonta uly ebsvaiaotelsva eves DA GAH ORE ca CreRe eoee OREO PAE Reet STA OR Pt eRe Sete ae 26 
rane cir aer create aie) un: <8 LE Te tee ROR LORIE E ORE RTT anor CROAT ne LBs eee eto nie Mantes Siac keh tite tot ae PS gustaria ve Ores 18 
\ een poe ee, aes 
SUSic once Ae re eee UN Rei Sea sero AIC 6 SOU wee cclebe Maer anere 1000 


* Gap 60-cycle flashover in terms of number of times the normal phase-to-neutral voltage 


** In some cases with l-inch or 2-inch auxiliary gaps in series with main gaps 
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} In most cases with l-inch series gaps 
tt In most cases with from 1/,-inch to 1-inch series gaps 
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Table Il. Two-Year Performance of Arc-Interrupting Gaps on 66-Kv Lines in Pennsylvania—1 935-36 


Cases of Damage to 


Miles Structures Structures With Gaps Gap Operations Line Tripouts Structures Cases of Damage to Gaps 
Number Per Cent Structures Gaps 1935 1936 1935 1936 

SOA iecevs overt jecse SOO ei nee ace ate Ole soci ere isis DOr Onecare DG ar teteneictes DS weeestecr east ih rraaas ace Le ee tveteele Ae eile ecuteuse Obceatreeirs 7** 

USS restneretyearsars GQ mrtsctanneres DBS > notin GAD DAA tet cte esr iy hy Hota ERGO LOO Meerereteteren.cetctely Coe Broke Diao Vhide Soe yO De EO Sus aonoe Aue NS 0 eC CEO 19** 

C(fo6 a a IW AaOEOR GLa ib bYesarcone LOO Wetrcrtlecce- TAQ, sccreraciwiere QOS Te eiiete eas Oscars Ouisreieteta theres Oaths, onsveceses Oa ee 0 

SCAT tcc sia ctaloteue as USO Tesevor ceuerene UB OW xerciatsrs ts BOOS te secre ssl: ee i LASS, cee Oe BOG ore hence sins Di ren Ie ta artis Om eaitmreterns Oieesreterereterets (UB Ant sce pho 0 


* On unprotected structures 
** Primarily loss of targets 


Note: 


each of the years 1934 and 1935 there were 3 operations of 

the gaps, and in 1936 there were 4 occasions of gap flash- 
over totaling 8 individual gap operations. All operations 
were associated with lightning and none caused service 
interruptions, except for one case in 1935 in which the fuse 
tube exploded. 

At another substation in Arkansas similarly equipped 
in 1935 with 14-inch fused gaps on the bus, there were in 
1936 3 occasions of gap flashover totaling 5 individual gap 
operations, without interruption to service. 

At one of the 110-kv substations in Louisiana previously 
mentioned, the operating experience throughout the year 
1935, with one 3-phase set of 11-inch repeater fused gaps 
(1.7 times normal) at the transformers, included a number 
of difficulties due to tube failures, also inadequate me- 
chanical design of the fuse holder mechanism, which were 
not remedied until November 1935. In spite of, or in- 
cluding these difficulties, analysis of the record for the 


1935 season shows at least 20 and perhaps 25 occasions of ° 


gaps operating, with a total of 37 blown fuses. During 
the same period the 110-mile connecting line having very 
high impulse insulation tripped out due to lightning 33 
times. There were at least 8 occasions of gap operations 
totaling 10 blown fuses without line tripout, and there 
were at least 12 line tripouts without operation of these 
gaps. 

Although at present this substation is connected to only 
one line, so that every line tripout causes a service inter- 
ruption, the foregoing operating data indicate the possi- 
bility that had the gaps not been fused there would have 
been about a 30 per cent increase in the interruptions to 
service. 

On extensive transmission and distribution systems in 
the Pacific Northwest, where lightning is not prevalent, a 
large number of plain spill gaps have been installed with 
settings approximating 2.5 to 3.5 times normal. There 
are practically no gap operations. 


PROTECTION TO LINE INSULATION 


The experience with arc-interrupting gaps along trans- 
mission lines has shown that in most cases protection to 
line insulation and against service interruptions is se- 
cured. The first applications of this type of protection, 
made in Arkansas, continue to give fairly good perform- 
ance. On the Pine Bluff-Dixie line (110-kv, H-frame, 
single circuit), approximately 46 miles in length, with arc- 
interrupting gaps at approximately 1/,-mile intervals, the 
records show an average of 14.6 tripouts per 100 miles per 
year from lightning during the 4 years after the installation 
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+ Line not put into service until after close of 1935 lightning season; 65 gap operations occurred on dead line 
Each of the four lines are single-circuit H-frame wood construction. 


of these gaps, whereas during the 3 years prior there were 
approximately 38.0 tripouts per 100 miles per year from 
lightning. If the 2 periods can be considered otherwise 
comparable, there was a reduction of 60 per cent in the 
number of outages caused by lightning. 

Another line in Arkansas, from Pine Bluff to Carpenter, 
(also 110-kv, H-frame, single circuit), 59 miles in length, 
was constructed with arc-interrupting gaps installed on 
every structure. This line operating in the same terri- 
tory as the one mentioned above, shows an average num- 
ber of outages caused by lightning over a 4 year period of 
5.5 per 100 miles per year. Detailed descriptions of these 
installations were reported by Messrs. McEachron, Gross, 
and Melvin in 1933.8 

On 4 sections of 66-kv transmission line in Pennsyl- 
vania during the 2 years 1935-1936 the results secured 
from the use of arc-interrupting gaps are set forth in table 
II. It will be noted in the case of the-2 lines partially 
equipped, that only partial protection is being obtained, 
and that all cases of damage occurred on structures which 
were not protected by gaps. 

Plain gaps of various types for porcelain protection on 
transmission lines are effective, as is well known. 


PROTECTION TO BuS INSULATORS AND BUSHINGS 


Analysis of the operating experience records shows that 
spill gaps properly set and connected, effectively protect 
bus insulators and bushings. 

Out of the many thousands of installations, there have 
been only a few instances of failure to protect bushings, 
some of which probably were deteriorated internally. 

For example, at one substation on a 132-kv system in 
Texas, 28-inch gaps (3.5 times normal) are installed on 
the first and second line structures adjacent to the sub- 
station. During 1936, the top half of one oil-circuit- 
breaker bushing was shattered by lightning, and another 
similar bushing flashed over. On the 66-kv system in this 
same territory, one oil-circuit-breaker bushing punctured 
below the flange, which should have been protected by a 
12-inch spill gap (3.0 times normal). 

In other locations there have been a few instances 
where insufficient physical separation existed between a 
gap and the porcelain it was supposed to protect, with re- 
sulting thermal damage to the porcelain. 


PROTECTION TO TRANSFORMERS 


With respect to the protection of transformer insula- 
tion by spill gaps, a few examples of experience data 
should be of interest. 
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On the 66-kv and 110-kv systems in the Carolinas, a 
rather general application was made during the period from 
1929 to 1931 of fused gaps and plain gaps at the line 
terminals. These gap settings ranged from 12 to 15 
inches on the 66-kv lines (3.0 to 3.8 times normal), and 
from 25 to 30 inches on the 110-kv lines (3.8 to 4.5 times 
normal). The average number of transformer units that 
failed from lightning during the 5 years up to and includ- 
ing 1928 was approximately 8 per year. For the 5-year 
period beginning with 1932 the average number of trans- 
former units that have failed has been approximately 3 
per year. 

An alarming number of transformer failures occurred 
from lightning at scattered locations throughout the ex- 
tensive Mississippi Valley 110-kv system during the years 
immediately following the major expansion and construc- 
tion program, with as many as 10 failures in a single year. 
Where protective levels were previously in the range of 
from 24 inches to 31 inches they were in almost all cases 
reduced to 20 inches or less, and the record since of trans- 
former failures from lightning is 1934, 4; 1935, none; 
and 1936, one. 

At a 110-kv station in Arkansas, previously mentioned, 
there were 2 failures of transformers from lightning prior 
to 1934. This station is at the end of a 59-mile 110-kv 
line, equipped with arc interrupting gaps at each structure. 
In 1934, rod gaps set at 18 inches were installed directly 
shunting the high-voltage bushings of the 110-kv trans- 
formers. Within 3 months after installation there were 
7 flashovers of these gaps and one more failure of a trans- 
former. Following this experience there were installed 
on the switchyard bus, 9 14-inch fused gaps—3 per phase. 
This installation is located at the switchyard approxi- 
mately 800 feet from the transformers. The lines con- 
necting the transformers to the switchyard are equipped 
with overhead ground wires. A second transmission 
line extending from this switchyard has been in service 
during 1936. During the last 2 years there have been no 
further flashovers of the 18-inch gaps at the transformers 
or transformer failures and there were 14 operations of the 
14-inch fused gaps on the bus. 

Mention has already been made of a series of trans- 
former failures occurring within several years at a 110-kv 
substation in Louisiana, with gap settings of from 31 
inches to 18 inches. All failures occurred in the low-volt- 
age windings from lightning voltages transmitted through 
the transformer. The low-voltage windings are connected 
to cable circuits and not exposed to lightning. 

The first failure occurred in March 1931 with ring-ring 
gaps set at 271/. inches adjacent to the substation, on the 
line structure. In June 1932 rod gaps set at 261/2 inches 
were installed on the substation structure and 31-inch rod 
gaps immediately adjacent to the transformers. Also 4- 
inch gaps were installed on the low-voltage (13.8-kv) bus. 
In April 1933 another transformer failed from lightning 
and on August 15, 1933 2 more transformers failed. The 
substation and transformer gaps were then changed to a 
20-inch setting. At the same time overhead ground wires 
were installed over the substation and on the 110-kv line 
for a distance of about 3 miles out. Another failure oc- 
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curred in April of 1934 and still another in August 1934. 
Thus there were a total of 6 failures in 4 years. 

Fused gaps arranged with 3 sets of fuses for repeater 
closing were installed in November 1934 with the gap set 
at 14 inches. Between then and June 1935, 5 operations 
of these gaps occurred, each one successfully clearing the 
circuit without interruption to service or transformer fail- 
ure. A series of switching tests (previously described) 
were then made and the gap setting arbitrarily reduced to 
the minimum practicable setting of 11 inches. 
time the gap settings on the 13.8-kv bus were reduced from 
4 inches to 2 inches and lightning arresters were installed 
on the 13.8-kv phase and tap leads. In the 2 year period 
since these last changes, there have been no failures of 
transformers. 


Conclusions 


1. Spill gaps are effective as a means of establishing and co-ordinat- 
ing insulation levels on lines and stations, and affording dependable 
protection to equipment and insulation, against failure from light- 
ning. 


2. The minimum permissible spill-gap settings, for transmission 
voltages, without adverse effects on service, are less than those 
previously considered possible. 

a. The lower limit generally applicable is the equivalent of approximately 3.0 
times the normal phase-to-neutral voltage, in terms of 60-cycle flashover 


b. When extremely low protective levels are necessary or desirable, and prefer- 
ably where fused gaps may be applied, the minimum permissible limit may be 
approximately 2.0 times normal 


c. The foregoing spill-gap settings are associated with experience to date with 
existing lines and equipment. No conclusion or recommendation is attempted 
with regard to the application of desirable levels to specific situations or for 
guiding future practice 


3. Inthe range of distribution voltages, spill-gap settings in terms 
of times normal voltage to neutral are relatively higher. Experi- 
ence indicates that this practice is logical and practically necessary 
because of interference with closely set gaps, also the practice is 
permissible with the relatively greater prevailing insulation strengths 
of equipment. 
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vices on systems is dependent not only on the char- 

acteristics of the device itself but also on the char- 
acteristics of the system. The voltage rating of the sys- 
tem and the connections at the time of fault have con- 
siderable influence on the recovery voltage and in turn on 
the application of the interrupting device. For example, 
the last oil circuit breaker to open must be capable of in- 
terrupting current under extreme system recovery condi- 
tions, while a deion protector tube always has at least 
the line section on which it is applied, connected at the 
time of clearing. This means that in considering broadly 
the current interruption problem it is necessary to have a 
knowledge of voltage recovery characteristics for a large 
number of system conditions. Tests can be made for 
particular system conditions, but this is expensive and it 
is difficult to obtain data for all possible combinations of 
faults and system connections. A general analysis taking 
into account all the factors makes calculations practically 
impossible, and on account of the complexity, the human 
factor cannot be overlooked. 

It is the purpose of this paper to present a method of 
obtaining system recovery voltages by setting up the 3- 
phase system in miniature on the a-c calculating board, 
applying faults of several types under different system 
conditions at several locations and actually measuring 
the recovery voltages. This method permits taking into 
account the effect of loads, ground and arc resistance, 
point of applying the fault with respect to the voltage 
wave, point of interrupting the current, effect of leaving 
the fault on the system for different lengths of time, effect 
of different fault locations, or practically any condition 
that could be experienced on an actual system in com- 
mercial operation. 

It is proposed in this paper to present a method which 
extends the work previously done to allow a more general 
study of systems. The results of general analysis will 
be presented in a subsequent paper. 


T« PERFORMANCE of current interrupting de- 


General Discussion of the 
Recovery Voltage Phenomena 


The problem of determining the recovery voltage of a 
system is merely that of finding the voltage-time curve 
for the transients in the system that follow the interrup- 
tion of an arc path. The basic elements of the problem 
may be brought out by a discussion of figure 1. Assume 
that the system is subjected to a short circuit in an arc 
path at the point F and that the current which flows is 
interrupted at a normal zero point of the current wave. 
The transient that follows the interruption of the current 
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gives rise to an oscillation in the voltage which reappears 
across the arc path. If the insulation strength of this 
arc path when expressed in voltage and time is higher 
than the voltage produced by the system, the are path 
will not be re-established and the fault current will be 
suppressed at‘ the current zero assumed. The recovery 
voltage of this simple system may be calculated according 
to conventional methods. As illustrated in figure 2, the 
recovery voltage may be considered as the sum of 2 com- 
ponents: (1) a steady-state or forced frequency compo- 
nent, which is determined by the circuit constants and the 
generated voltage of fundamental frequency, and (2) 
a high or natural frequency component which is deter- 
mined by the circuit constants of this system for free os- 
cillation. The latter component is subject to an ex- 
ponential decrement on account of losses which in the 
course of time reduce this component to zero. The cur- 
rent and the various voltages and their components for 
the simple system of figure 1 are illustrated in figure 2. 

When a system with several meshes is considered, each 
mesh has its own steady-state and natural frequency 
components and these react on each other through their 
mutual couplings. The resultant recovery voltage curve, 
therefore, consists of the sum of a steady-state component 
and a number of natural frequency components, each of 
which may have different decrements. While the cal- 
culation of recovery voltage for extensive systems becomes 
quite complicated, it should not be considered something 
mysterious, since the basic phenomenon is quite simple 
as brought out in the discussion of figure 1. 

It is desirable to review the character of recovery volt- 
age from the standpoint of its practical application and 
to establish the meaning of the terms to be used in the 
subsequent discussion. For complicated systems, the 
recovery voltage-time curve may have quite an irregular 
shape, such as illustrated in figure 3. Curve A applies 
to one hypothetical system where there is no residual 
charge left on the system and curve B applies to another 
hypothetical system having a residual charge. The 
entire voltage-time relation is generally implied when the 
term recovery voltage is used. Recovery voltage is of 
importance depending on the closeness with which it ap- 
proaches the insulation strength of the particular arc 
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path under consideration. The shape of this insulation 
recovery curve will vary for the different conditions of the 
arc path and particularly for the different arc interrupt- 
ing devices. Some insulation strength curves may be 
of the shape illustrated by curve C of figure 3, which as 
drawn approaches the system recovery voltage curves 
near their crest. For such conditions the maximum re- 
covery voltage and the time to crest represent the im- 
portant part of this system recovery voltage-time curve. 
Another insulation recovery curve might be of the shape 


Figure 1. Simple system for 
illustrating recovery voltage 
for a fault F 


E—Generated volt- 
age (steady-state 
value) 


/—Fault current sup- 
pressed at current 
zero (steady-state 

value) 


Vyr—Natural  fre- 
quency voltage com- 
ponent 


Va—Recovery volt- 
age 


Voltage and current relations for clearing the 
fault on the system shown in figure 1 


Figure 2. 


shown in curve D which comes closest to the system re- 
covery voltage-time curve A at a point close to that of 
the maximum recovery voltage rate. There is also the 
possibility that the insulation recovery curve might be of 
the shape shown by curve E which contacts the system 
recovery voltage curve A at an intermediate crest between 
the point of maximum recovery voltage and the point 
of maximum slope. 

From the foregoing it is apparent that for any particular 
application, the significant factor of the system recovery 
voltage may be defined in terms of a voltage magnitude 
and the corresponding time. It is, of course, possible to 
define the point of interest in terms of a voltage recovery 
rate and either the corresponding time or the corre- 
sponding voltage magnitude. The quantity ‘recovery 
voltage rate’’ by itself is obviously insufficient to define 
the significant points on either the insulation strength 
curve or the system recovery voltage curve. Since the 
term recovery rate is applicable to only a limited range of 
conditions its general use may become confusing and mis- 
leading. For these reasons it has seemed preferable to 
use the terms recovery voltage magnitude or merely 
“recovery voltage’ and “‘time to crest’ for defining the 
point of interest on the recovery voltage-time curve and 
this form of expression is adopted in this paper. 
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Part I. Analytical Methods 
for Calculating Recovery Voltage 


There is now available considerable literature on the 
calculation of transients in circuits involving an a-c source 
and resistive, inductive, and capacitive branches. In 
general, the approach is to consider a current circulating 
in each mesh and to make these currents follow Kirchoff’s 
laws for the transient conditions. Differential equations 


may be set up and the boundary conditions determined 
in line with the classical theory. The complete solution 
is complicated by the necessity of providing for (1) all 
the possible initial conditions of energy storage in each 
of the various circuit elements as well as for (2) the various 
natural frequencies of oscillation and for (3) the various 
The mechanical labor of solution 


rates of decrement. 


A—Recovery  volt- 
age curve for system 
without residual 
charge 


B—Recovery  volt- 
age curve for system 
with residual charge 


RR—Maximum  re- 
covery voltage rate 
for curve A 


C, D, E—Insulation 


voltage recovery 
curves 


VOLTAGE 


Comparison of system recovery voltage curves 
and insulation strength curves 


Figure 3. 


may be minimized by systematizing the process and an 
excellent reference is the work by Guillemin.! 

The conventional method of approach to a solution 
may be considered as a single-phase method in contrast 
to the polyphase method to be described subsequently. 
In the single-phase method the solution may be obtained 
by assuming a fictitious source of voltage equal in magni- 
tude but of opposite polarity to the voltage existing in the 
system at the instant of arc suppression, this source being 
superposed on the actual system and its energy being 
dissipated through losses in the system. The circuit in- 
volves one phase of the power system with return through 
the neutral and the other 2 phase wires in parallel, and 
thus it becomes very complicated if many meshes are 
considered. Such a method has the disadvantage of em- 
ploying circuits which are difficult to visualize and which 
will vary for each type of fault; for example, the circuits 
will be different for a line-to-line fault than for a single 
line-to-ground fault. Furthermore, the various steps of 
the solution are also difficult to visualize and the calcula- 
tions must be carried through in a mechanical manner. 
In order to avoid a number of these objections a*polyphase 
method utilizing symmetrical components is proposed. 
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Transient Analysis 
by the Method of Symmetrical Components 


The application of the principle of symmetrical com- 
ponents to the solution of high frequency transients on 
polyphase systems constitutes an important step in the 
simplification of this problem. It will be recalled that 
steady-state solution of unbalanced faults on ordinary 
3-phase power systems was found to be generally im- 
practicable as long as “‘single-phase’”’ methods of solution 
were employed. The introduction of the method of 
symmetrical components by the late Doctor C. L. Fortescue 
radically changed the status of this problem and the 
method has come into general use for a variety of appli- 
cations subsequent to the introduction of the sequence 
networks. Similar simplification in the solution of high 
frequency transients is obtained through the use of sym- 
metrical components. In this method the natural fre- 
quency components are themselves resolved into positive-, 
negative-, and zero-sequence components in a manner 
quite analogous to that employed in the analysis of the 
ordinary steady-state solution of unbalanced circuits at 


Figure 4. Simpli- 
fied 3-phase sys- 
tem subjected to 
a_line-to-ground 

fault 


FX 


Figure 5. Connection 
of sequence networks 
to simulate single line- 
to-ground fault. Open- 
ing circuit at F simulates 
clearing of the fault and 
recovery voltage ap- 

pears at this point 


fundamental frequency. The advantage of resolving 
the natural frequency components into their respective 
sequence components is the same as with fundamental 
frequency, namely, that the components do not react upon 
each other in a symmetrical system. The boundary con- 
ditions for the natural frequency components are deter- 
mined, of course, by the dissymmetry of the system oc- 
casioned by the fault itself. 

In order to illustrate this method a relatively simple 
system, as shown in figure 4, will be considered. This 
system is assumed to have a positive-sequence generated 
voltage Eg in the reference phase with capacitances and 
inductances in each phase and in the neutral as shown. 
For this example a fault of the single line-to-ground type 
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is considered. The current is assumed to be interrupted 
at its normal zero point. The losses in the circuit are 
ignored and the fault current condition is calculated in 
the familiar manner making use of the sequence networks. 

The manner of setting up the sequence networks for 
the ordinary circuits containing apparatus and transmis- 
sion lines, including capacitances and loads is now well 
established.? For a single line-to-ground fault the 3 
networks must be connected as shown in figure 5 in order 
to satisfy the requirements for this particular fault con- 
dition. Since by assumption the circuits do not involve 
loss the resultant current lags 90 degrees behind the volt- 
age of the faulted phase. Consequently, the circuit is 
interrupted at the zero point of the current wave, the 
generated voltage on the faulted phase is a maximum, 
and the various capacitances associated therewith have 
their maximum charge; the sequence networks are iso- 
lated automatically and each oscillates according to its 
own natural frequency. In the course of time, such os- 
cillations in an actual circuit would be damped out because 
of the losses. In the case of the negative- and zero-se- 
quence networks, only the natural frequency oscillations 
are present; in other words, after the fault is removed 
there are no voltages and currents under steady-state 
conditions. In the case of the positive-sequence network, 
however, there is a steady-state solution because of the 
generated electromotive force and superposed on this is 
the free oscillation which is determined by the difference 
in voltage across the capacitances under fault conditions 
and the value which would be obtained under steady-state 
conditions. This difference in voltage sets up a free os- 
cillation in the positive-sequence network which in the 
actual circuit would be dissipated by losses. The total 
voltage on the faulted conductor consists of several com- 


2S = 
oo 


CORRECTION FACTOR 


0 60 1000 


FREQUENCY — CYCLES 


Figure 7 (above). Frequency 
correction factor to be ap- 
plied to the inductance of a 
synchronous machine. The 
60-cycle value corresponds 
to negative-sequence __ re- 

actance 


Figure 6. Components and total recovery voltage-time 
curve for system of figure 5 


Eg—Steady-state voltage Vp—lotal recovery voltage 
V,—Natural frequency component in positive-sequence network 
V.—Natural frequency component in negative-sequence network 
Vo—Natural frequency component in zero-sequence network 
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ponents, as shown in figure 6. These include Eg, the 
steady-state voltage due to the fundamental system fre- 
quency; V4, the voltage arising from the free oscillation 
in the positive-sequence network; V2, the voltage arising 
from the free oscillation in the negative-sequence network; 
and Vo, the voltage arising from the free oscillation in 
the zero-sequence network. The sum of these voltages 
must be taken as zero initially in order to fit the fault 
condition. When the fault is removed these components 
oscillate according to their respective forced or natural 
frequencies and the recovery voltage is the sum of the 
several components and is plotted as Vz in figure 6, 

The use of the sequence networks to solve the transient 
oscillations makes it possible to obtain a better visualiza- 
tion of the phenomena taking place. The various se- 
quence networks may have different natural frequencies 
of oscillation and different rates of decrement. These 
considerations make it clear that the shape of the actual 
recovery voltage curve is in general quite complex. The 
time to crest and the magnitude of this crest depend on 
the relation that these oscillating components bear to 
each other at that instant. Thus, if the several com- 
ponents are in phase the maximum crest is reached. If 
some of the components of considerable magnitude are in 
opposition when the remaining components reach their 
maximum value, the recovery voltage curve is consider- 
ably distorted and the crest may be relatively low. 


Representation of System Elements 
With Lumped Constants 


The simple system of figures 4 and 5 can be extended 
readily to all systems with lumped constants. Question 
naturally arises as to the necessity for modifying the con- 
stants of the circuit elements for representation at high 
frequencies. Ordinarily these branches, such as machines, 
transformers, reactors, and capacitors can be represented 
by inductances or capacitances corresponding to their 
60-cycle reactances. In the case of synchronous ma- 
chines the reactance to be used in the positive- and nega- 


Figure 8. Transmission line 
with inductive source 


Figure 9. Calcula- 
ted recovery volt- 
ages for a trans- 
mission line with 
inductive source 
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tive-sequence networks is intermediate between the leak- 
age reactance and the negative-sequence reactance and 
may be obtained by impressing high-frequency potential 
on the machine terminals. As the frequency of the im- 
pressed voltage is increased the equivalent inductance 
decreases because of eddy current effects. From the 
data available the frequency correction to apply to the 
60-cycle negative-sequence reactance of the machine is 
shown in figure 7. The impedance at high frequencies 
is closely the same for both the positive- and negative- 
sequence components and, therefore, the same value may 
be used in both networks. 

More accurate representation of the various circuit 
elements may be required in special cases, as for example, 
the case in which the recovery voltage is to be obtained 
on a bus with only the generator connected. For this 
case it is necessary to determine with some accuracy the 
capacitance of the bus and the distributed capacitance 
of the winding. Under such conditions the machine, 
transformer or reactor representation involves a problem 
quite similar to that discussed subsequently for circuits 
having distributed constants. Such refinement in ap- 
paratus constants is not required for the usual problem 
since the effect of these relatively small capacitances is 
negligible in comparison with the relatively large capaci- 
tances of transmission lines, but it is important for the 


Figure 10.‘ Fre- 
quency - imped- 
ance curves 
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special case of circuit breaker opening, since the analysis 
is usually made for the case involving opening the last 
circuit breaker on the bus section. 


Representation of System Elements 
With Distributed Constants 


Special consideration is required for the representation 
of a system element having distributed constants, such as. 
a transmission line. The actual transmission line has 3 
phases, which may be considered as composed of an in- 
finite number of sections, each with its own self and mutual 
series impedances and its own self and mutual shunt capaci- 
tances. It is possible to use the sequence representation 
so that the problem reduces from the 3-phase circuit to 
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that of 3 single-phase circuits with distributed constants, 
one for each sequence. 

The typical case requiring consideration is shown sche- 
matically in figure 8 in which L represents the inductance 
of the source and the square represents the transmission 
line. If the line were of unlimited length it might be 
represented by its surge impedance. However, in power 
work the transmission lines are usually too short to justify 
such an approximation for determining the maximum crest, 
although this representation is useful for obtaining the first 
crest after current zero. The magnitude of the recovery 
voltage for a particular case of a finite line charged through 
an inductive source has been calculated by the conven- 
tional wave theory and the results are shown in figure 9. 


Figure 11. Equivalent 
networks for representing 
transmission line with dis- 

tributed constants 


LINE 

(a) Single mesh 
equivalent circuit 

(b) Two mesh 


equivalent circuit 


(b) TRANSMISSION LINE ___| 


Ly—Total inductance of line Co—Total capacitance of line 
L—Inductance of source (not part of network for transmission line) 


Such calculations entail too much labor for general use. 
Hence, it is desirable to represent the transmission lines 
by a suitable approximation in the form of an equivalent 
circuit. The approximation need not hold beyond the 
maximum overshoot and as a matter of fact it need not be 
accurate throughout this range if it is accurate in both 
magnitude and time for the particular point on the re- 
covery voltage-time curve that requires consideration. 
An extremely simple equivalent circuit for transmission 
lines of finite length consists of an inductance and a capaci- 
tance connected in series across the circuit, the com- 
bination having the same natural frequency. The recov- 
ery voltage of such a circuit will have a time to crest 
which will be the same as that required for a wave to 
travel to the far end of the circuit and return. 

A more accurate representation by means of equivalent 
circuits may be arrived at from a comparison of the fre- 
quency-impedance characteristics. A transmission line 
of finite length will have a frequency impedance curve, 
such as shown by the solid line curve in figure 10; the 
other curves show the frequency-impedance character- 
istics of the 2 equivalent circuits shown in figure 11. It 
will be noted that these circuits have frequency-imped- 
ance characteristics which are closely the same as that 
of the actual transmission line throughout a limited range 
of frequencies. The calculated recovery voltage curves 
for the 2 equivalent networks of figure 11 are plotted in 
figure 9 for convenience in comparison with the recovery 
voltage calculated by the wave theory. It will be noted 
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Figure 12. Double-end equivalent network for representing 
transmission line with distributed constants 


Figure 13. Network trans- 


. a 
formations 


(a) Two mesh network with 2 natural frequencies 
(b) Equivalent single mesh network each having a single 
natural frequency 


that reasonably good approximation is obtained by these 
relatively simple equivalent circuits. 

For more accurate representation of a transmission 
line, greater complexity in the equivalent circuit will be 
required. In general, these networks should be the 
same for both an open-circuited and a short-circuited re- 
ceiver. Also, the equivalent circuit should be of the 
“double-end” type so as to facilitate the introduction as 
an element in the complete network. One of these 
double-end networks is illustrated in figure 12. 

Another method of studying the equivalence of net- 
works is to compare the simple equivalent circuit with 
the more elaborate circuit requiring a very large number 
of series inductance and shunt capacitance elements. 


Solution for Line-to-Ground Fault 


The general method of setting up the equivalent cir- 
cuits for each of the different sequences has already been 
described. For a line-to-ground fault the 3 sequence 
networks must be connected in series as shown in figure 
5 in order to meet the requirements for the fault condi- 
tion. When the fault is suppressed, oscillations will take 
place in each of the sequence networks. The natural 
frequencies of oscillation for each sequence network and 
their rates of decrement may readily be computed for the 
simple circuit shown in figure 5. For more complicated 
systems it is necessary either to transform the equivalent 
circuit to a more manageable form or to resort to the 
conventional solution using differential equations. When 
the equivalent circuit for each sequence network is not 
too complicated but is of a form similar to that shown 
in figure 13a, it is usually more convenient to transform 
it to the form shown in figure 13d which facilitates cal- 
culation of the natural frequencies of the individual sec- 
tions. This use of equivalent circuits has been used by 
E. W. Boehne?’ for calculating recovery voltage by the 
single-phase method. The transformation depends upon 
the use of equivalent circuits having the same impedances 
at all frequencies and a number of suchequivalent networks 
has been worked out by K. S. Johnson.* 
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PS—Phase shifter 
M—Synchronous 
motor 


G—Gear 
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sentation device 
C—Commutator 
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sistance 
VMD—V oltage 
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CRO—Cathode - ray 
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Figure 14. Schematic diagram for a-c calculating board 
method of determining system recovery voltage 


Solution for Other Types of Faults 


For other types of faults the same sequence networks 
may be used in various combinations. The method of 
connecting these networks varies with the type of fault 
and is the same as for the steady-state solution, for ex- 
ample, for the line-to-line fault the positive- and negative- 
sequence networks are connected in series with the normal 
direction of fault current flow reversed in the negative- 
sequence network. For the double line-to-ground fault 
the connection is the same as for the line-to-line fault 
except that the zero-sequence network is placed in parallel 
with the negative-sequence network. From this it is 
apparent that even the sequence method becomes in- 
volved for the more complicated types of faults. It has 
its greatest advantage in the solution of the line-to-line 
or line-to-ground faults. 


Limitations of Analytical Methods 


Before taking up the ultimate method of solution pro- 
posed in the paper it is desirable to consider the further 
limitations of analytical methods. For example, the 
initiating transients arising from the application of the 
fault at voltage crest may not be dissipated before the 
fault current is suppressed and the resulting subsidence 
transients begin. In addition, the fault itself may not 
be single phase in character but may involve several 
transients, such as those that are incident to the simul- 
taneous opening of each of the 3 poles of a circuit breaker. 
Further complication arises from the fact that the circuit 
opening is made through an are which is not of linear 
resistance characteristic. 

From the foregoing considerations it is apparent that 
the analytical method of solution is of restricted use. 
While the method of symmetrical components has sim- 
plified the problem for certain types of calculations, many 
limitations still remain. For this reason a more general 
method of solution is suggested using the a-c calculating 
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board with connections corresponding to the analytical 
methods described. 


Part Il. Determination of Recovery 


Voltage by A-C Calculating Board Method 


In view of the limitations of the analytical solution of 
system recovery voltage transients, the method of setting 
up the system in miniature on the a-c calculating board 
is proposed. This method has opened the way for the 
first time to a general investigation of system recovery 
voltages, practically eliminating the mechanical labor 
and the human errors unavoidable in analytical solutions 
of such an involved and complicated nature. The ar- 


Figure 15. Schematic diagram for the polyphase method of 
system representation on the a-c calculating board 


FRD—Fault representation device 
VMD—V oltage measuring device 


Figure 16. Sche- 
va matic diagram of 
simplified meth- 


Za ods for represent- 
va ing power source 

applicable when 
Zn’ zero - sequence 


impedance of the source is greater than the 
positive- or negative-sequence impedance 


rangement of apparatus used in this method is shown 
schematically in figure 14 which includes: 

1. The source 

2. A-c calculating board 

3. The fault representation device 

4. The recovery voltage measuring device 

The fault representation device includes means for con- 
trolling the point of application of the fault, its duration, 


and its resistance. To obtain a simple recording device, 
the transients are made repetitive in character with an 
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intervening period of sufficient length that one transient 
does not interfere with the next. 


Connection of A-C Calculating Board 


The a-c calculating board used in this investigation has 
been described in the literature.5 Two methods of setting 
up the system on the calculating board are available, 
namely, (1) the sequence method and (2) the polyphase 
method. In the sequence method the system is set.up in 
the form of the 3 sequence networks corresponding to the 
analytical solution of part I. This use of the a-c calculat- 
ing board merely provides a means for minimizing the 
mechanical labor that would be required in the analytical 
method. In the polyphase method the system is set up 
with a 3-phase source and a 3-phase miniature system. 
The polyphase method has the advantage of corresponding 
more closely in form to the original system and it is more 
convenient since all the phase quantities are included di- 
rectly in the setup and are available for various fault in- 
vestigations without manipulation. However, in setting 
up either method the steps involve the same requirements 
in the miniature system, namely, that it shall have the 


Figure 17. Fault application device, shown schematically in 
figure 14 


same positive-, negative-, and zero-sequence constants 
for all of the circuit elements requiring consideration. 

In order to illustrate the polyphase method of setting 
up the system on the a-c calculating board, a more com- 
plicated system, such as shown in figure 15, is used. In- 
cidentally, this system is sufficiently representative as to 
give a reasonably good solution for a large number of 
problems. Figure 15 applies to a system with a source 
of power consisting of a generator and step-up trans- 
former, and a transmission line subjected to a fault as 
indicated. The branches Z, and Zy correspond to the 
generator and step-up transformer constants and the 
remaining branches correspond to the transmission line 
when represented by the equivalent 7. The branches 
Z, represent the positive- or negative-sequence imped- 
ance per phase of the generator and transformer, and 
the branch Z, represents one-third of Z, the zero-se- 
quence impedance of the transformer. If the zero- 
sequence impedance is higher than the positive-sequence 
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impedance, the source may be represented by a grounded- 
star transformer with a neutral impedance as shown in 
figure 16. For this case, as in the previous case, the im- 
pedances Z, represent the positive- or negative-sequence 
impedance of the generator and transformer. For the 
neutral branch, however, the impedance Zy is equal 
to (1/3) (Z) — Z,). In the transmission line similar 
relations hold for the 3 sequence constants. The positive- 
or negative-sequence series impedance branch is equal to 
the impedance Z, in each phase, and the neutral imped- 
ance branch Z, is equal to (1/3) (Z — Zz). The 
equivalent capacitance for each end of the 7 representation 
consists of Cy which is equal to the zero-sequence capaci- 
tance for each phase and C, which is equal to the differ- 
ence between the positive- or negative-sequence capaci- 
tance and the zero-sequence capacitance for each phase. 


Fault Representation Device 


ahe representation of the fault involves 2 elements. 


1. The applicator by which the fault is applied and removed. 


2. The representation of fault resistance characteristic. 


The fault representation device is shown schematically 
in figure 14 and includes the commutator arrangement 
C which consists of 3 separate elements, one for each 
phase. Each element has 2 brushes, one of which is ad- 
justable. The commutator is driven by a synchronous 
motor connected to a phase shifter supplied from the 
same source as the a-c calculating board. The fault is 
established when 2 brushes make contact with the con- 
ducting section which spans half of the commutator pe- 
riphery. The fault is removed when either of the brushes 
leaves the conducting section. Such a commutator may 
be built to permit individual control of the instant of 
application of the fault, but ordinarily it is sufficient to 
consider the fault applied simultaneously to the 3 phases 
and this may be done by a set of fixed brushes and a 
phase shifter. The duration of the fault is controlled 
by separate adjustment of the brushes which can be set to 
maintain the fault for different periods from a half cycle 
to several cycles of the fundamental. The gear, connected 
between the driving motor and the commutator, makes 
it possible to apply the fault alternately on a point on a 
positive wave and on the corresponding point on the 
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negative wave. The object of the gear is to avoid cumu- 
lative magnetizing action in the source. The fault ap- 
plicator used in this investigation is shown in figure 17. 

Consideration will now be given to the means for rep- 
resenting the fault and arc resistances. The first approxi- 
mation of a fault is a resistance, which is of zero value 
while the current is flowing, and suddenly changes to 
infinite value when the current zero is reached. A second 
approximation of fault characteristics takes into account 
the tower footing resistance and the arc resistance. This 


Figure 19. Polar oscillogram 
of heavily damped oscilla- 
tions 


F—Point of fault application 
R—Point of fault suppression 


Figure 20. Cartesian plot corresponding to figure 19 


F—Point of fault application R—Point of fault suppression 


is, of course, readily represented by introducing an ap- 
propriate resistance in the fault path through the com- 
mutators and in the neutral as shown by the branches 
AR and GR of figure 14. A more accurate representation 
may be accomplished by the use of a resistor whose re- 
sistance-time curve would correspond to that obtained 
from the actual voltage across the arc and the current 
through it. Such a resistance curve could, of course, be 
obtained by a synchronously driven commutator which 
would vary the resistance throughout the cycle. A more 
convenient and practical device is the Rectox resistor 
which has approximately the desired . characteristic. 
Two sets of Rectox units oppositely poled are connected 
in parallel to give the same resistance for either direction 
of current flow. This combination forms a resistor whose 
value is relatively low for high currents and relatively 
high for low currents. It is possible to choose the num- 
ber of units to give a good approximation of certain arc 
characteristics throughout the principal part of the arcing 
period. The arc characteristics and Rectox approxima- 
tion for a deion flashover protector are shown in figure 18. 
However, the representation at the end of the interval 
may not be accurate as the apparent resistance of the arc 
increases very rapidly at the instant at which the arc is 
suppressed. For this reason the Rectox resistor has 
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been used in combination with the opening of the fault 
slightly ahead of normal current zero in order to leave a 
charge on the system. 


Recovery Voltage Measuring Device 


The transient measuring device for viewing and re- 
cording the recovery voltages constituted a major prob- 
lem. The requirements for the device included accurate 
response to the various high frequency oscillations, the 
imposing of small burden on the network always a factor 
in the use of miniature systems, and means for obtaining 
a visual trace and a permanent record. The magnetic 
oscillograph failed to meet all these requirements because 
an element designed for high frequency response, re- 
quired a special hookup to avoid placing undue burden 
on the network. This pointed the way to the use of a 
cathode-ray oscilloscope which met all the requirements 
but that of recording. To overcome this difficulty the 
transient was made repetitive in character by the means 
just described. On this basis it was readily feasible to 
photograph the record appearing on the cathode ray 
screen. The arrangement of apparatus used in most of 
this work is illustrated in figure 14. The cathode-ray 
oscilloscope recorded the recovery voltage on its screen 
and this image was placed on a film through a suitable 
lens system. While it is possible to photograph the 
image using the cathode ray sweep circuit to provide the 
time scale, it was more practical to rotate the film by 
means of a synchronous motor thus obtaining a uniform 
time scale on an oscillogram of the polar form. 

The type of record obtained for a highly damped tran- 
sient is shown in figure 19 and the corresponding Cartesian 
plot in figure 20. The entire oscillogram repeats every 
9 cycles and includes 2 applications of the fault indicated 
at the points F which are 41/2 cycles apart. The faults 
are impressed for !/2 cycle and the ares are suppressed 
at the points R at which the recovery voltages begin to 
appear. The high frequency oscillations are superposed 
on the steady-state voltage as shown in the figures, and 
in this case are damped out in less than '/2 cycle. If the 
transient is not highly damped it may persist for many 
cycles. In general, however, the high frequency oscilla- 


Figure 21. Typi- 
cal oscillogram of 
recovery voltage 
on a system with 
lightly damped 
oscillations 
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tion due to the first transient will have disappeared be- 
fore the second transient is applied. Furthermore, the 
second transient will be of opposite polarity to the first 
and this prevents cumulative magnetizing action and 
minimizes the importance of transients that are left on 
the system. When the decrement of the high frequency 
component is small the high frequency wave will persist 
for more than '/, cycle and this will cause the oscillograms 
to have several distinct curves as shown in figure 21, which 
is an actual oscillographic record. It is, of course, pos- 
sible to use a device to open the oscilloscope circuit or to 
eliminate all portions of the record except the part re- 
quired for analysis. However, no difficulty is encountered 
in picking out the part of the curve desired for study and 
additional apparatus to simplify the record has not been 
found necessary. 


Adjustment of the Apparatus 


The fault may be applied at any point on the voltage 
wave by adjustment of the phase shifter. This adjust- 
ment is accomplished with the aid of the ordinary cathode 
ray viewing screen and sweep circuit. The final check is 
obtained directly on the polar oscillogram itself. The 
duration of the fault is controlled by the adjustment of 
the brushes which open the circuit in the vicinity of the 
normal current zero. This adjustment may be checked 
by using the oscilloscope to measure the voltage drop 
across a small resistance in series with the fault. How- 
ever, experience has shown that this refinement in the 
adjustment is not generally necessary as the desired point 
can be determined from examination of the voltage wave 
alone. It has been found that the fault representation 
device can be made to open the circuit not only at the 
normal current zero but appreciably ahead of or back of 
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Figure 22. Comparison recovery voltage measurements and 
calculations. Line-to-ground fault on Indianapolis Power 
and Light Company's 138-kv system 


Solid curve—Field test number 26 

Dashed curve—Field test number 69 
Crosses—Calculation for equivalent “T”’ network 
Circles—Calculation for equivalent network, figure 114 
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Figure 23 (left). Comparison recovery voltage measurement 

on a-c calculating board and calculations. Line-to-ground 

fault on Indianapolis Power and Light Company's 138-kv 
system (same condition as figure 22) 
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Solid curve—A-c calculating board solution, 3-phase connection 
Circles—A-c calculating board solution, sequence network connection 


Dashed curve—Calculation for equivalent network, figure 114 


Figure 24 (right). Effect on recovery voltage of varying the 
instant of application of fault. Circuit opened at first normal 
current zero 

A—Fault applied at voltage crest 
B—Fault applied before voltage crest 
C—Fault applied after voltage crest 


Figure 25. Effect on 
recovery voltage open- 
ing circuit at different 
points with respect to 
normal current zero. 
Fault applied at voltage 
crest and circuit opened 
in vicinity of first cur- 
rent zero 
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A—Circuit opened at normal current zero 
B—Circuit opened before normal current zero 


C—Circuit opened after normal current zero 


this point. This, of course, is due to the fact that very 
low voltage is used on the a-c calculating board or im- 
pressed on the commutator and that the commutator it- 
self is capable of developing relatively high insulation 
strength and thus is able to suppress the are on either 
side of the normal current zero. It is of interest that 
sparking on the commutator takes place if the circuit is 
not opened at the normal current zero and this provides in 
itself a convenient form of approximate adjustment. In 
the case of double faults the procedure is to control first 
the point of application of the faults by comparison with 
the desired point on the voltage wave of a particular phase. 
The adjustable brush is then moved to control the open- 
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Figure 26. Effect on recovery earcund faolt 


voltage of varying the duration 


of fault A—Zero fault resistance 
B—8-ohm fault resistance 
C—33-ohm fault resistance 
D—Rectox resistor, 5 ohm 


minimum (see figure 19) 


A—Fault duration, 1/2 cycle 
B—Fault duration, 1 cycle 


Figure 28. Effect on re- 
covery voltage of arc inter- 
ruption with residual charge. 
Fault simulated by Rectox 
resistor and circuit opened 
before normal current zero 


Figure 29. Effect on recov- 


ery voltage of the addition of 
load 


A—Without load 
B—With load 
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ing of the first phase at its normal current zero and this 
is followed by a similar adjustment for the second phase. 


Part Ill. Application of A-C Calculating Board 
Method and Comparisons With Analytical 
Solutions and Field Tests 


It is now of interest to compare the recovery voltages 
as obtained by the analytical method and the a-c cal- 
culating board method directly with cathode ray oscillo- 
grams of tests made on actual systems. It is beyond the 
scope of this paper to give results of general investigations 
of system recovery voltage. A few illustrations will be 
given to show the range of use of the a-c calculating board 
in analyzing some of the factors. 

It was recognized throughout this work that the re- 
sults would only be of academic interest unless the solu- 
tions by the proposed methods provided a satisfactory 
check with the results of actual field tests. Some tests®”§ 
made on the Indianapolis Power & Light Companys’ 
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138-kv system included measurements of recovery volt- 
ages with a cathode-ray oscillograph. For two of these 
tests involving a single line-to-ground fault, the system 
consisted of a generator and step-up transformers con- 
nected in star on the high voltage side and grounded 


through a 50-ohm reactor, and 39 miles of 138-kv line. 


Figure 22 compares the recovery voltages of these 2 field 
tests with results of calculations made for identical circuit 
conditions with the transmission line represented in one 
case by an equivalent ‘“T’’ network and the other case 
by the equivalent network of figure lla. The closeness 
of these checks made early in the investigation were very 
encouraging and greatly stimulated the work that followed. 

Following the proposal of the a-c calculating board 
method and the development of the equipment previously 
described, it was of particular interest to compare results 
obtained with this method and results obtained by cal- 


culation. Figure 23 compares one of the calculated 
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curves of figure 22 with the recovery voltage measure- 
ments from the a-c calculating board using the alterna- 
tive forms of connection. It will be observed that close 
checks are obtained between field tests, analytical solu- 
tions, and the a-c calculating board solutions. 

The a-c calculating board method provides an ideal 
means for carrying out general studies of system recovery 
voltage. It is, however, beyond the scope of this paper 
to present results of work along that line. It is pertinent, 
nevertheless, to discuss the range of application of the 
a-c calculating board method in this study of the various 
factors entering into the recovery voltage problem. For 
this purpose a few illustrations are given to show the ways 
in which these factors may be studied. 

It is of general interest to study the effect of applying 
the fault at different points on the voltage wave. With 
the a-c calculating board set up by the 3-phase method 
to represent the Indianapolis Power & Light Company 
system, a single line-to-ground fault was applied before 
voltage crest, at voltage crest, and after voltage crest 
and was interrupted at normal current zero. The results 
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of this study are shown in figure 24. Similar studies 
were made for the fault applied at the voltage crest and 
the current interrupted before, at, and after the normal 
cutrent zero. The results of such an investigation are 
shown in figure 25. These results provide an explanation 
of the familiar fact that interrupting devices tend to op- 
erate at normal current zero. They illustrate further 
the difficulties of attempting to interrupt a circuit in less 
than one-half cycle. 

The effect on the recovery voltage of varying the dura- 
tion of the fault is shown in figure 26. This comparison 
brings out the fact that the shorter the duration of the 
fault the more important will be the results of the initiating 
transients on the recovery voltage. 

The effects that arc resistance has on the interruption 
problem have always been of interest. Figure 27 shows 
the effects of adding different tower footing resistances 
of fixed resistance values as well as the effect of adding a 
resistance of varying value, such as shown in figure 18, to 
simulate the arc. This study was made for a 138-kv 
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Figure 31. Transient voltage of 3-phase system upon 
clearing of double line-to-ground fault on phases A and B. 
Fault applied at crest of B phase voltage. Phase B and 
then phase A opened at first normal current zero points. 
Curves include the highest transient voltages for the opening 
of phase A or B. (Curves start at an arbitrary zero time) 


impedance-grounded system with 90 miles of line, the 
system being capable of supplying short circuit current 
of 4,000 amperes at the sending end. 

In order to simulate arc and fault characteristics in a 
more accurate manner for the condition in which a re- 
sidual charge is left on the system, tests were made with 
the Rectox resistor in the circuit to simulate the arc 
throughout most of the cycle and the circuit was opened 
slightly ahead of current zero to simulate the very abrupt 
change of resistance at current zero. Figure 28 shows 
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the results of a test which simulate a deion flashover pro- 
tector-when interrupting its full current rating. 

The effect of load on the recovery voltage can readily 
be studied on the a-c calculating board and figure 29 
shows a comparison of recovery voltage for zero load and 
for full load on the 90-mile 138-kv system. 

It is of interest to have a knowledge not only of the 
voltage on the faulted conductor but also on the other 
conductors to neutral as well as between conductors. 
Figure 30 shows transient voltages for the 90-mile 138- 
kv system when clearing a line-to-ground fault on phase 
Bs 

On account of the complexity of the problem it has 
been practically impossible to get a co-ordinated picture 
of the transient voltages on the various conductors to 
ground and from conductor to conductor for a double 
line-to-ground fault condition. The a-c calculating board 
method has given a relatively simple approach to this 
problem and results of such a study for the 90-mile 138-kv 
system are shown in figure 31. Only the sections of the 
various transient voltage curves which are of an abnormal 
nature are shown, the plot starting at an arbitrary zero 
time in order to simplify the figure. 


Conclusions 


1. The symmetrical components method proposed constitutes a 
simplification of the analytical solutions. 


2. The a-c calculating board method is a practical means of deter- 
mining the electrical transients of systems. 


3. The combination of these methods has for the first time opened 
the way to a systematic general investigation of recovery voltage 
transients and related problems. 
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V ibration-Measuring Instruments 


Fundamental Considerations in Their Design 


By C. D. GREENTREE 


ASSOCIATE AIEE 


Synopsis 


A general-purpose wide-range high-precision vibration- 
measuring instrument must embody several funda- 
mental design requirements which determine the 
useful frequency range, the accuracy of measurement, 
the intensity of vibration to which it can be applied, and 
the effect of the instrument on the vibrating body. 

In this paper the advantages and disadvantages of 
certain mechanical and electrical detecting and amplify- 
ing systems for the measurement of vibration amplitude, 
velocity, and acceleration, are discussed in the light of 
their design requirements. 

A vibration generator capable of producing sinusoidal 
vibrations over a wide frequency and amplitude range, 
and a set of vibration standards with which the vibrations 
produced can be accurately determined, are also de- 
scribed. 

In conclusion, criteria for evaluating the performance 
of vibration measuring instruments of different types are 


suggested. 
N 

A rate vibration measuring instruments has inten- 

sified design and development activities in this 
direction. This increased interest is due in part to the 
destructive possibilities of vibration on modern high- 
precision machinery and in part to an awakened recognition 
of the tremendous nuisance effect of unconfined vibrations. 

The interest thus aroused has lead directly to more ex- 
acting specifications on the part of those who purchase 
vibrating or rotating equipment. To meet such speci- 
fications has required vibration instruments having in- 
creased sensitivity, greater portability, and broader op- 
erating ranges, which can be applied to ever-widening 
fields of investigation. 

The general term “‘vibration instruments” is capable 
of considerable division and subdivision. ‘The first broad 
classification can be labeled ‘“‘precision measuring’’ as 
distinct from ‘vibration detecting.’’ By vibration de- 
tecting is meant a device that will simply show that vi- 
bration is present or is not present. The mechanical or 
electrical output from such an instrument may be pro- 
portional to the relative amount of vibration over a limited 
frequency range and still be far from the precision concept. 

Precision measuring vibration instruments can in them- 


ever-growing demand for smaller and more accu- 


A paper recommended for publication by the AIEE committees on instruments 
and measurements, and electrical machinery. Manuscript submitted March 23, 
1937; released for publication April 10, 1937. 


C. D. GREENTREE is engineer on development work with the General Electric 
Company, Schenectady, N. Y. 
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selves be roughly separated into 2 broad application 
classes. In one group can be placed all those highly 
technical and very special instruments built and designed 
to emphasize or surmount unusual vibration require- 
ments. Practically every extensive vibration investi- 
gation program will require one or more of these special 
instruments, and in general a skilled vibration engineer 
is necessary to use them successfully. In the other 
broad division can be included all the general purpose 
devices. These are characterized by broad operating 
range, relatively low cost, and a susceptibility to particular 
adaptations, such as, permanent mounting, recording, and 
telemetering. 


Types of Instruments 


Subsequent discussion will be confined to these general 
purpose precision measuring vibration instruments. An- 
other subdivision into the 3 main aspects of vibration is 
required. Three different types of instruments are re- 
quired for measuring amplitude, velocity, and accelera- 
tion. Frequency may be considered more of a condition 
than an aspect. The first type measures the double 
amplitude of vibration, or the amount of physical dis- 
placement of the vibrating body independent of the fre- 
quency or rate of moving. 

A velocity type of instrument measures the product of 
vibration frequency and amplitude, or the rate of vibra- 
tory motion. This type of measurement is often conven- 
ient, since the vibration energy of the moving body is 


. proportional to its velocity squared. Acceleration de- 


pends, of course, on the change in the rate of movement 
and an acceleration measuring device has an output pro- 
portional to the product of amplitude times frequency 
squared. 

These 3 types of instruments are all subject to certain 
limiting mechanical factors. Some of the most impor- 
tant of these factors are: 


(a) Establishment of a point stationary in space against which to 
measure 


(0) 
(c) 
(d) 
(e) 
(f) 
(g) 


Low natural frequency 

High structural resonance 

Ability to follow large accelerations 
Small effect on vibrating body 
Measurement in any direction 


Light weight and portable 


Mechanical System 


Perhaps the most fundamental requirement of a gen- 


eral purpose vibration instrument is the creation of a 
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point or body stationary in space relative to which the 
vibratory motion can be measured. A _ vibrationless 
object, which can be used as a reference base, is seldom 
found ready to hand on the job, and usually is too costly 
to warrant construction. The establishment of such a 
stationary mass can be obtained in instruments, by the 
compliance coupling of a mass to the vibratory motion. 
The fundamentals of such a scheme are shown in figure 
la. The stationary mass M is supported from the moving 
mechanism R which is in contact with the vibrating 
body B, by the coupling spring S. The direction of vibra- 
tion is shown by the double-headed arrow marker. At the 
point A, between the end of the moving mechanism and 
the stationary mass, any one of several mechanical or 
electrical methods for obtaining a measure of the relative 
motion between the 2 parts can be interposed. 

Figure 1b shows the electrical equivalent of this mechani- 
cal system. The current 7, represents the vibratory mo- 
tion applied to the instrument. Neglecting Z; and C; for 
the moment, the current 7; will divide between C2, rep- 
resenting the compliance of the coupled system, and L» 
representing the mass M. When the frequency of the 
applied current is more than 5 times the resonant fre- 
quency of the network including Lz and C2, the impedance 
of C2. has become very small compared to the impedance 
of Ls, and substantially all the current flows through 
Co. 

The coupling spring represents the heart of the mechani- 
cal system. Under the action of gravity or inertia, a 
given mass will oscillate on a given spring at a certain 
natural frequency. Conversely, if the end of the spring 
is driven by a vibration having a frequency equal to or 
nearly equal to the natural frequency just determined, 
a condition of resonance is set up and the mass, instead of 
remaining stationary in space, will tend to vibrate at 
tremendous amplitudes limited only by the friction of 
the spring and the inertia and friction of the supporting 
hand and arm in which the mass may be held. Me- 
chanical system resonances are, in general, sharply peaked, 
and experience has shown that the mass will remain 
substantially stationary when the end of the spring is 
driven at a frequency from 4 to 5 times the natural fre- 
quency of the system. In a great deal of vibration work, 


it is desirable to be able to measure down to 10 vibrations 


Figure 1. The fundamentals of 
a vibration instrument showing: 


(a) Mechanical system 
(b) Equivalent electrical circuit 
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Figure 2. A column spring— 
the equivalent of a long weak 
helical spring, showing: 


(a) Mechanical features 
(b) Force deflection characteristic 


per second, equivalent to 600 rpm. This means that the 
natural period of the mass on its coupling spring should 
be from 2 to 2!/2 vibrations per second. 

The formula! for the natural frequency of such a me- 
chanical system is given by: 


iS S25 O21 =] —— 
2r Vw g 

where 

f = vibrations per second 


W = weight 
g = gravity acceleration 
K = spring constant of coupling spring 


If f is to be small, 2 to 21/, vibrations per second, and 
W must also be small, for lightness and portability, it 
is apparent that K will be small, representing a weak 
spring. To avoid fatigue and failure due to excessive 
stress in the outer fibers of the spring, it will be necessary 
to make this spring relatively long. A long, weak spring 
is difficult to contain in a small space. 

Thus, one of the most active lines of endeavor in the 
design of vibration instruments has been to produce the 
equivalent of a long weak spring, which can be contained 
in a small space and which will not permit too great rela- 
tive movements between the mass and the driving mech- 
anism. 

One such equivalent is shown in figure 2a. When a 
force, continually applied along the original major axis 
of the column, has compressed the spring beyond a cer- 
tain point, further compression increases the spring 
resisting moment arm? and the external eccentric loading 
moment arm by approximately the same amount. This 
means that a very small change in pressure will cause a 
relatively enormous change in effective length of the 
column. The force versus effective length characteris- 
tic of such a spring is shown in figure 2b. The spring 
constant of the column, as shown by the slope of this 
curve between the points A and B, is very small. 

Another method’ for supporting a mass on springs at 
a low natural frequency is shown in the negative com- 
pliance system of figure 3a. Movement of the mass 
toward the left causes a compression of the spring A and 
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Table |. Vibration Amplitudes and Velocities Correspond- 


ing to an Acceleration of 25 Times Gravity 


— = = 


V= 
Maximum Velocity 
(Inches per Second) 


f= D = 
Vibrations Double Amplitude 
per Second (Displacement) in Inches 
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a lengthening of the spring B, thus producing resisting 
forces vectorially represented by A and B in figure 30. 
At the same time, the ends of the knife-edge links bearing 
on the mass are displaced toward the left. The pressure 
of the springs F-F tends to continue the movement of the 
mass toward the left. By the proper adjustment of the 
relative compression forces exerted by all the springs, 
the component of the knife-edge linkage forces F, which 
opposes the resultant of forces A and B, can be made to 
balance or very nearly balance the resisting force of spring 
A and spring B. This will hold, of course, only so long 
as the angle @ is small so that this opposing component 
is substantially equal to 2F@. The force deflection char- 
acteristic of this system is shown in figure 3c. 


High Structural Resonance 


The measurement of vibrations of high frequency, re- 
quires a mechanical transmission path from the point at 
which the vibration is contacted to the point within the 
instrument at which the measuring takes place, which will 
be free from structural resonances at any frequency lower 
than the highest frequency to which it is desired to meas- 
ure. Structural resonance will occur at that frequency 
at which the distributed mass of the moving system, as 
represented in the equivalent electrical circuit, figure 1b 
by Li, resonates with the distributed compliance, as rep- 
resented by the lumped value C;. When this occurs, the 
current through capacitor C2 is no longer a true indication 
of the current 7. 

The surmounting of this difficulty requires a stiff yet 
light transmission system which can be obtained by 
keeping the transmitting member as short and small as 
possible and utilizing an inherently high resonance shape, 
like a rod or tube driven longitudinally. 


Ability to Follow Large Accelerations 


In order to meet the prerequisites for a wide range 
general purpose instrument, it must be possible to hold 
the spring-coupled contact rod in contact with the vibrat- 
ing object during accelerations many times that of 
gravity. Experience has shown that an ability to follow 
up to an acceleration of 25 times gravity would be gener- 
ally acceptable for most types of work. In certain cases, 
such as the vibrations of an unbalanced high-speed spin- 
ning motor shaft, which sometimes exceeds 70 times 
gravity, much higher accelerations may be encountered. 
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Table I shows an acceleration of 25 times gravity ex- 
pressed in terms of double amplitude of vibration at 
several different frequencies. 

Applying the known equation, 


F = MA,orA = F/M 


where 

A = acceleration 
F = force 

M = mass 


to figure la, it is evident that for A to be large, F, the 
pressure exerted by the coupling spring, must also be 
large, and the mass of the moving mechanism, R, must 
be small. In the equivalent electrical circuit of figure 
1b, Li, which represents the mass of the moving mecha- 
nism, must be small. 


Small Effect on Vibrating Body 


Since a general purpose instrument should be applicable 
to any vibrating body from a massive turbine shell down 
to a 1/. fractional-horsepower motor frame, it is de- 
sirable to have the moving mechanism of the instrument 
produce as little effect as possible on the vibrating body. 
This is particularly true when dealing with light bodies 
which are vibrating at, or near, resonance. When the 
contact rod is pressed against a vibration, the mass of 
the moving mechanism, and part of the mass of the spring, 
are effectively coupled to the vibrating body. Thus, the 
smaller the mass of the moving system the smaller will be 
the effect on the vibrating body. 

In addition to this mass loading condition, the pres- 
sure of the coupling spring, acting through the contact 
rod, may set up stresses in the vibrating body which will 
materially affect its vibratory motion. This is especially 
true in the case of resonant vibration of thin bodies such 
as the walls of an air duct. 


Negative compliance—an- 


Figure 3. 
other equivalent for a long weak helical 
spring, showing: 


(a) Mechanical features 
(b) Vector diagram of forces 
(c) Force deflection characteristic 
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Figure 4 (above). 
electric crystal used for the 
measurement of vibration ac- 
celeration 


A piezo- 


Figure 5 (right). Vibration 
generator 


Both the ability to follow 
a large acceleration and 
the attainment of a small 
effect on the vibrating body 
call for a moving mechanism 
of small mass, but in the 
former a strong spring is 
needed while the latter re- 
quires a weak one. One 
way to obviate this difficulty 
is to provide an adjustable spring or springs, the pressure of 
which can be increased when it is desired to measure large 
accelerations. In general the acceleration of small bodies 
under resonance conditions will be small, thus permitting 
the use of a relatively weak adjustment of the spring. 
On somewhat larger bodies which are capable of handling 
much greater vibration energies, and hence producing 
larger accelerations, it is permissible to increase the spring 
pressure. 


Sensitivity 


Modern requirements as written into rotating machinery 
specifications sometimes call for the limitation of vibra- 
tion amplitudes to values less than 0.0001 inch. In 
addition to these mechanical requirements, it must be 
remembered that the awakened interest in noise calls for 
vibration measuring instruments of even greater sensitivity. 
A vibration amplitude of one millionth of an inch at 1,000 
vibrations per second will produce an appreciable noise. 
The attainment of such sensitivity depends upon the 
electrical or mechanical measuring means which are in- 
terposed between the stationary mass and the moving 
mechanism of figure la. 


Mechanical Measuring Systems 


A load, small in comparison with the inertia of the 
stationary mass of figure la, can be connected between 
the moving mechanism and the mass. This load, for 
example, may be an amplifying mechanical lever, gear 
train, or light-beam system adapted to greatly magnify 
the vibratory motion. 

This load, in effect, is simply a continuation of the me- 
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chanical system already outlined, and its parts are subject 
to similar requirements of light weight, structural stiff- 
ness, etc. Referring to figure 1b the moving mass added 
by this load will increase L;, while the lack of stiffness 
in its parts will increase C,, thus increasing the effect on 
the vibrating body and reducing the ability of the in- 
strument to follow large accelerations. 

The reaction of the moving parts on the stationary 
mass M, to which they are connected, can be represented 
by the addition of an inductance L; in series with Co. 
When L; is an appreciable fraction of Lz, which it may 
be when the lever amplification is large, some part of 
the current 72 will shunt through ZL, and be lost for meas- 
urement purposes. Under these conditions Lz is no 
longer stationary in space, but has some movement. 

It is almost impossible to construct a mechanical sys- 
tem of large amplification which will at the same time be 
rigid and have small inertia. In addition the friction 
and lost motion at the joints will seriously limit the ac- 
curacy of the instrument. 

Until ways are found to circumvent this practical dif- 
ficulty, purely mechanical systems will continue to be 
restricted to vibrations of relatively low frequency, of the 
order of 50 vibrations per second or less, and amplitude 
measurements of the order of one mil or larger. 


Electrical Measuring Systems 


By making the stationary mass M, figure la, a magnet 
which surrounds a coil rigidly attached to the moving 
mechanism, it is possible to generate a voltage propor- 
tional to the velocity of the vibrating body and at the 
same time add very little mass to the moving mechanism 
and introduce but a very small amount of reaction on 
the stationary mass. The inherent sensitivity of this 
electrical method depends, like all a-c generators, on the 
establishment of a high flux density and a high coil space 
factor. Furthermore, the enormous amplification ob- 
tainable from vacuum-tube amplifiers has no deleterious 
effect on the fundamental mechanical system, nor are 
serious frequency limitations introduced by the ampli- 
fying means. 

This system is admirably adapted to the measurement 
of vibration velocity. It can, by the use of a frequency 
analyzer, be used to measure amplitude, but the process 
is apt to be laborious, especially when dealing with non- 
sinusoidal vibrations. 

An electromechanical method for the direct measure- 
ment of acceleration is shown in figure 4. The mechanics 
of this system differ from those shown in figure la. A 
piezoelectric crystal C is cemented to a stiff member S 
which can be held in contact with the moving body, and 
a heavy metal block M is cemented to the back of the 
crystal. Under conditions of vibration the block M, due 
to inertia, will produce alternating pressure and tension 
on the crystal. The amount of pressure and tension de- 
pends directly on the mass of the block N and the ac- 
celeration of the vibration. 

The voltage, proportional to pressure, generated by 
the piezoelectric crystal, can be amplified in the same 
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manner as the output of the velocity type of instrument. 

In contrast to the amplitude and velocity instruments 
the whole mass of this acceleration device, including the 
hand which holds it in contact, will appear as a load on 
the moving body, thus reducing the maximum accelera- 
tion to which it can be applied. This difficulty can be 
surmounted in part by making the crystal and the mass 
M very small. 

The measurement of velocity or amplitude by this 
crystal method requires, respectively, a single or a double 
integration of the output. 


Vibration Testing Equipment 


For the design and development of vibration instru- 
ments, it is vitally necessary to have a known controllable 
source of sinusoidal vibration. A great deal of time and 
effort have gone into the production of the vibration 
generator shown in figure 5. The output from a beat- 
frequency oscillator is stepped up by means of a 250-watt 
power amplifier and fed to a specially constructed moving 
coil which operates in an electromagnet field in the same 
manner as a loudspeaker. This edgewise-wound alumi- 


num driving coil is capable of dissipating the full 250° 


watts of power at elevated temperatures. The motion 
of the coil is transmitted through a steel cone to the 
driving rod which projects from the top of the generator. 
The whole moving system is suspended in the air gap 
by means of steel piano wires under tension. Objects 
to be tested rest on, or are bolted to, this driving rod. 

Such a generator is capable of producing amplitudes 
up to 1/, inch at vibration frequencies from 10 to 200 
per second. At higher frequencies, up to 3,000 vibra- 
tions per second, proportionately smaller amplitudes are 
obtainable. Above 1,000 cycles the driving rod is locked 
to the resonance rod which extends downward between 
the supporting pillars. This resonance rod can be solidly 
clamped to the supports at any point throughout its 
length. When it is desired to vibrate the driving rod at 
say 2,000 vibrations per second the resonance rod is 
clamped at that length at which the natural longitudinal 
resonant frequency of the rod and driving mechanism 
equals 2,000. Two-thousand-cycle power applied to the 
driving coil will now produce relatively large movements 
of the driving rod. The amplitudes attainable are limited 
mainly by the internal friction of the resonance rod and 
its associated structure. Accelerations exceeding 70 
times gravity have been measured and these when using 
only a small part of the total available power. 


Vibration Standards 


Accurate determinations of the vibrations produced 
by this generator are obtained by means of primary and 
secondary standards. The secondary standard of fre- 
quency, the beat-frequency oscillator, can be checked 
when desired against primary frequency sources. 

Amplitudes greater than 0.0005 inch are measured 
with a microscope equipped with a filar micrometer eye- 
piece. A spot of light reflected from a point on the 
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moving generator drive rod produces a bright line in the 
microscope field. The length of this line, which is the 
amplitude of vibration, can be measured with great ac- 
curacy. 

The determination of amplitudes below the micro- 
scope range is accomplished in 2 ways. A coil rigidly 
attached to the upper end of the drive rod, and partaking 
of its motion, generates a voltage by interaction with 
the surrounding field from a permanent magnet. This 
voltage is proportional to the velocity of vibration. By 
means of a high-gain amplifier, very small velocities of 
the driving rod can be measured. The calibration of 
this tertiary working standard coil and amplifier can be 
checked at one end of the amplitude range with the micro- 
scope, and at the other end by means of an acceleration 
device dependent on the constant of gravity. 

A single point check can be made in a more funda- 
mental manner. A hardened steel ball set on a hardened 
steel plate attached to the driving rod, will maintain 
contact with the plate when the acceleration of the 
driving rod is less than gravity. By passing a small 
current between them it is possible to accurately deter- 
mine the exact point at which the driving rod reaches 
gravity acceleration, and the ball loses contact with the 
plate. At 2,000 vibrations per second this will occur 
at an amplitude of 1 X 10-5 inches, approximately 1/ 
of the amplitude which can be measured accurately with 
the microscope. 


Conclusions 


1. The growing need for general-purpose wide-range high-precision 
vibration measuring instruments makes it desirable to establish a 
systematic method of evaluating the performance obtainable from 
different types of instruments. 


2. Three separate instruments or an instrument with 3 adjustments 
are required to measure the 3 different aspects of vibration; ie., 
amplitude, velocity, and acceleration. 


3. The natural frequency of the mechanical coupling system should 
not be greater than !/, of the lowest frequency it is desired to measure. 


4. The frequency of moving structure resonances should be con- 
siderably higher than the highest frequency to be measured. 


5. The instruments should be capable of measuring vibration 
accelerations as high as 25 times gravity and should not have any 
large loading effect on the vibrating body. 


6. Existing mechanical vibration amplitude measuring systems 
have undesirable frequency and sensitivity limitations. 


7. Electrical generating and amplifying systems are well suited to 
the measurement of vibration velocity. 


8. Wide range vibration generating equipment and accurate cali- 
bration standards are necessary for the development of high-pre- 
cision vibration-measuring instruments. : 
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Basic Impulse Insulation Levels 


A Report* of EEI-NEMA Joint Committee 


on System Insulation Co-ordination** 


S A RESULT of a great deal of operating experience 
and from a survey of the then current practice 
as regards insulation of high-tension equipment, it 

began to be evident some 9 years ago that too little, if 
any, attention had been paid to co-ordination of insula- 
tion in power systems. Apparatus was being built to speci- 
fications which were primarily formulated on a 60-cycle 
basis, with consideration given mainly to the ability of 
the apparatus to withstand 60-cycle voltages and almost 
no consideration to impulse strength. Further, very 
little consideration was given to insulation margins be- 
tween the different types of apparatus used on the same 
system voltage. This was first brought to the attention 
of the membership of the AIEE in 2 papers presented some 
9 years ago. 

The subject of insulation co-ordination thus brought 
into the open, was discussed rather extensively in com- 
mittees by users and manufacturers and before the In- 
stitute for the next 2 or 3 years. Very little progress was 
made, however, owing to the complexity of the problem 
and the fact that several different industry interests were 
involved. Eventually this was recognized, and this led 
to the formation in 1931 of a joint NELA-NEMA com- 
mittee to act upon the entire broad subject. The work 
of the NELA group was transferred to the Edison Electric 
Institute group when it was formed in 1933. 


Purpose and Scope of the Committee 


When active work was started on this subject in 1931, 
the following statement of principles was made by the 
NELA (now EEI) group. 


“The co-ordination of insulation involves 3 steps: 
1. Establishment of insulation levels. 


2. Specification of insulation strengths of all classes of equipment 
in establishing insulation levels. 


3 Allocation of the insulation levels to the nominal system voltages 
taking into account all operating and environmental conditions.”’ 


Activities of Committees 


Without going into the details of the various meetings 
held and the subjects discussed, progress in the work took 
the following form. 


1. It was generally agreed that the 60-cycle basis was not adequate 
alone for establishing insulation levels. 


A paper recommended for publication by the AIEE committees on electrical 
machinery, protective devices, and power transmission and distribution. Manu- 
script submitted March 18, 1937; released for publication April 12, 1937. 


* Sponsored by the lightning and insulator subcommittee of the AIEE com- 
mittee on power transmission and distribution. 


** Prepared by the group chairmen: Edison Electric Institute group, Philip 
Sporn; National Electrical Manufacturers Association group, C. A. Powel. 
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2. On account of the lack of a suitable agreed-upon yardstick with 
which to measure voltage levels, an air gap was at first considered, 
it being the best means available at that time. , This gap initially 
took the form of a so-called edge gap, and later became the rather 
well-known rod gap, having definite limitations of spacing and 
physical arrangement. 


3. Recognized testing laboratories of manufacturers and others 
were not in agreement on voltage flashover values of standard 
every-day types of equipment such as suspension insulators, bus 
supports, bushings, insulators, ete. This disagreement covered not 
only the field of 60-cycle voltage measurements but also that of 
impulse voltages. A so-called interlaboratory group was, there- 
fore, formed to work on this problem and reach an agreement on 
proper values for similar apparatus. The work of this committee 
has been carried on carefully and persistently until at the present 
time the hoped-for agreement has been reached, within reasonable 
tolerances of measurement, on a great deal of electric equipment 
and on gaps. One paper has previously been published! giving 
results of this work. Aliso, a paper is now being presented? by the 
interlaboratory group giving agreed-upon flashover values of insu- 
lators and gaps. 


A subcommittee was also appointed to investigate the 
existing practice of insulation of lines and equipment in 
the operating companies with the idea that such data 
would serve as a basis for setting up practical, workable, 
and effective levels of insulation in carrying out the first 
statement of principles given above. 

This subcommittee spent a great deal of time and effort 


Table |. Basic Impulse Insulation Levels 
(1) 
Maximum Rated (2) (3) 
Voltage Basic Impulse Rod Gapt Having 
Classification Insulation Level Flashover in Column 2 
(Kilovolts) § (Crest Kilovolts)# (Inches) 
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§ Based on ‘‘“NEMA-NELA Preferred Voltage Ratings for A-C Systems and 
Equipment,’’ NELA Publication Number 0438, page 12, and on transformer 
subcommittee AIEE paper, ELECTRICAL ENGINEERING, January 1937, page 32. 


# Crest kilovolts of 11/2x40 impulse wave. 


+ Given for reference only. Gap spacings are those giving 50 per cent flash- 
over and 50 per cent full wave when subjected to 11/2x40 positive impulses 
with crest values given in column 2 under standard conditions of air density 
and humidity. 


t Consideration should be given to increasing these values approximately 10 
per cent. 
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in collecting and correlating these data, keeping in mind 
that the final levels selected must be based on practical 
as well as theoretical considerations. Within the last 
few months it finally agreed upon a set of basic impulse 
insulation levels utilizing as steps the preferred voltage 
classification adopted by NELA.* This series of basis 
impulse insulation levels adopted by the joint committee 
in January 1937 is presented in table I. 

It will be noticed that the table gives the basic im- 
pulse levels for each ‘‘maximum rated voltage classifi- 
cation.’ In the lower range of voltages, this classifica- 
tion differs slightly from the preferred voltage ratings 
previously adopted by NEMA in the publication referred 
to above, but the steps given in table I are considered 
advisable in the light of the fact that present-day trans- 
formers in that range are specified in terms of those volt- 
ages. 

It will be further noted that a fundamental and very 
important change has been made in this table, in that 
basic impulse insulation level is definitely expressed in 
terms of voltage. This voltage is the crest voltage of a 
1'/.x40 positive wave which will just cause flashover on 
the tail of the wave when impressed on the so-called 
standard rod gap having '/.-inch square-cut electrodes. 
The gap spacings corresponding to these voltage values 
are given in the third column. These rod gap spacings 


are given for reference only, the basic level being crest 
kilovolts in column 2. 


Future Work 


The first step in the co-ordination of insulation has 
therefore been finished and the second step, v7z., “‘Speci- 
fication of insulation strengths of all classes of equipment 
in the established insulation levels,’’ is now ready to be 
undertaken. This work has actually been begun since 
a subcommittee of the joint committee has been appointed 
and is working on this part of the program. 

Now that the above insulation levels have been agreed 
upon, it is expected that more rapid progress will be made 
in carrying on the work still to be done. As the work 
progresses, it is planned to officially release periodically 
to the engineering field the findings and recommenda- 
tions of the joint EEI-NEMA committee on system in- 
sulation co-ordination. 
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Flashover Characteristics of Rod Gaps and Insulators 


A Report by the Subcommittee* on Correlation of Laboratory Data 
of EEI-NEMA Joint Committee on Insulation Co-ordination** 


upon impulse and 60-cycle flashover values for rod 

gaps and suspension line insulators, together with a 
method of making correction for variation in humidity. 
The laboratory work and correlation upon which these 
data are based was done by the subcommittee on cor- 
relation of laboratory data* of the joint EEI-NEMA 
committee on insulation co-ordination. The joint com- 
mittee authorized the publication in ELectrricaL EN- 
GINEERING of this work through a paper sponsored by 
the AIEE subcommittee on lightning and insulators. 
This makes the information more generally available to 
the the industry for use in connection with the general 
problem of insulation co-ordination. 


To REPORT has been written to present the agreed 


General 


With the advent of impulse testing, it was immediately 
apparent that the flashover values given out by various 
laboratories for the same test piece were different. In 
an effort to learn the cause of this, 2 things were done; a 
string of suspension insulators was circulated to the Locke, 
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Ohio Brass, and General Electric laboratories; and iden- 
tical bushings were tested in the Westinghouse and Gen- 
eral Electric laboratories. These moves, while of some 
benefit, did not lead to any lasting results. Then the 
laboratories of Westinghouse and General Electric, be- 
tween whom the widest divergence in results existed, 
began to interchange information on testing procedure. 
Soon Ohio Brass joined the group, then Locke, and finally 
Allis-Chalmers. For a while the group was known as 
the “laboratory group’”’ and later as the ‘““EEI-NEMA 
subcommittee on correlation of laboratory data.’’ 

No effort will be made in reporting the work of this 
committee to include any supporting data—only the 


final results will be given and with a minimum of explana- | 


tory remarks. 


A paper recommended for publication by the AIEE committees on power 
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Test Conditions and Method of Analysis 
FLASHOVER TESTS 


Before any effort was made to agree upon flashover 
values for common use, the committee laid down the re- 
quirement that the test points from which the curves 
were obtained in any of the participating laboratories 
should be within plus or minus 5 per cent of the average 
curve of that particular laboratory. The requirement 
was also made that the curves of all the laboratories be 
within a spread of less than 5 per cent. These require- 
ments covered both impulse and 60-cycle flashover tests. 

On this basis it is reasonable to expect that the indi- 
vidual points in any laboratory may have an extreme varia- 
tion from the average curve of plus or minus 8 per cent. 
Consequently, when the curves based upon the average 
results of all the laboratories are used for determining 
flashover values the tolerance of points detained in any 
specific laboratory from the general average curves should 
be plus or minus 8 per cent. 

During the course of the work of the subcommittee, 
each laboratory developed its own type of equipment and 
methods for producing and measuring impulse voltages. 
The study of the technique of impulse testing was taken 
up a few years ago by a subcommittee of the AIEE in- 


Table |. Impulse Voltage Flashover—Suspension Insulators, 
10-Inch Diameter, 5°/,-Inch Spacing 


Barometer, 30 Inches; Temperature 77 Degrees Fahrenheit; Humidity 
0.6085-Inch Vapor Pressure 
Date From Allis-Chalmers, General Electric, Locke, Ohio Brass, and 
Westinghouse Laboratories Averaged 


Minimum Impulse Flashover Voltage (Kilovolts) 


1x5 Microsecond Wave 1.5x40 Microsecond Wave 
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These values represent average results of tests on suspension line insulators 
of different design and manufacture made in different laboratories. When tests 
are made in any particular laboratory upon an insulator unit or assembly of 
specific design and manufacture, the flashover should be within plus or minus 
8 per cent of the value given in the tabulation. 

In accordance with AIEE Standards No. 41, the comparison should be made 
on the basis of the average flashover obtained from tests on 3 separate insulator 
units or assemblies. 


Nore: Negative wave flashovers are inherently more erratic than positive 
wave flashovers resulting in a greater chance of the tolerances being exceeded 
occasionally. 
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Table Il. Impulse Voltage Flashover—Rod Gap 


Barometer, 30 Inches; Temperature, 77 Degrees Fahrenheit; Humidity, 
0.6085-Inch Vapor Pressure 
Data From Allis-Chalmers, General Electric, Locke, Ohio Brass, and 
Westinghouse Laboratories Averaged 


Minimum Impulse Flashover Voltage in Kilovolts 


1x5 Microsecond Wave 1.5x40 Microsecond Wave 


Gap Spacing 


(Inches) Positive Negative Positive Negative 
OUD eects ater ne Py ep ci a Damen tare OP ale? BET AC 23 
0.75 SO rca deat pega cee ewagelony 30 
lO Sears BSincwtoe ss S8ice aes B38) adtis cater 38 
Leta ease REY con) Ble eee ees Dey cramer a gies Ola Bie 51 
2 iN Uke aes Tasted een (NUR ye ois tc Ogiyetaahariers (GUM ois 62 
5 te OES Ole mreuenaens Soins coe TD rears i nieese 82 
SO a eset ke OT eat UGB in oradro Ge OT=OS*A ae a 102 
Man eons neater D20 ec trace ers NOL el dee Tiel pe WOG—1142 be. ens 123 
Oa Aarinctcats PAS Names TAG. ora wie POS 14 evs Geers 143 
(ie aati ocen og onon NGA sam aetee (AIUD 5: ee eve 163 
8 Bee Nekanns USWA earns PSStSeche tree US9=LOG4 bre re « 183 
Cat Rete SESE ered ear of: DOO eters L757 Sie aaeste 203 

WOO Bec tawnens DAT eee oR DS MCR at ae VOOM crenata 224 
1 ARG eC RICE CED OHS OPTS ee a ees ees SLRS 259-271 
1 CO ax Mreiciacia Garto O tee CANER feta etree Derr eet cid Or 293-318 
TGR oe tech a ites BY Cie eee SDL EROS Bh QT5. ses 2x 1809-342 
Go ae es oerefuceevoneree = ie coroners 31a ay ean Nemtreeeotaes aneeee Stee. 323-359 
18 a AQO shies Heeger 360-386 
DO eiratetemeatanniie ALO Me israrert 445.0. Panic SD Olas ager 395-415 
DET) A ciocdrecete eat Meee career SORE eee eis ee ave en 490 
SO Gee Pease cts G40) svaena: CGO rea: DOD: wees, Stas 575 
AQ ad tmeeobetea: 835% ceases CU La A See 650) fs tenet: 740 
50 Petree sete WOS5e -earrecs TROSD Roe a SOQ wadtaerec es 910 
GOL) sescveon 12300 ee URSUOE Foie cored GAB 8 ao ote 1,070 
(Ae eS oraecnwSo W542 Dies aueratens gH 1S Yes eee NAO hee ae coke 1,235 
SOIR Eerie ye 4 Bil Une cache won Retr Crart 6 Ek) Coase. T2405 225 cee 1,405 
TON Wy tonto on 1 Sil Ora cis cece eat heme ere tera ie TS Sin yes 1,570 
MOON Brerecnlowsctes DOL Ores suckaghere taste antares ines 1,530 


* Dual values are due to unstable conditions the cause not being known. 


Tolerances 


These values represent average results of tests made in different laboratories. 
When tests are made in any particular laboratory using the rod gap as a basis 
of comparison the flashover voltage shall be taken from the above tabulation 
and shall be considered as correct within plus or minus 8 per cent. 


Notre: Negative wave flashovers are inherently more erratic than positive 
wave flashovers resulting in a greater chance of the tolerances being exceeded 
occasionally. 


struments and measurements committee and the technique 
has since then become more and more standardized. 
The laboratory group had for its major problem the study 
of the factors which cause divergence in results among 
the various laboratories rather than a study of the details 
which would lead to extreme accuracy. This latter topic 
is more properly the work of the AIEE instruments and 
measurements committee. 

Flashover values were obtained on both the 1xd- 
and 1.5x40-microsecond waves. These 2 waves are 
among those proposed as standard by the AIEE sub- 
committee on lightning and insulators. For the work 
on this subcommittee the first number in the wave desig- 
nation was taken as indicating the time in microseconds 
from the virtual time zero to actual crest voltage, and 
the second number as indicating the time from the virtual 
time zero to the point on the tail of the wave where the 
voltage is half of the crest value. The flashover data 
recorded is the crest value of the minimum impulse flash- 
over voltage (full wave) and is given for both negative 
and positive polarity waves. 

The virtual time zero is the point of intersection with 
the zero voltage deflection line of a line drawn through 
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Figure 1. Humidity correction factor for 60-cycle and 
positive-wave impulse flashover of rod gap and suspension 
line insulators 


Oo ie} 


For humidities 0.75 inch and above the correction is less reliable on 
account of the erratic data from which the correction was determined 


Curve values apply to flashover voltages above 141-kv crest. For 
lower flashover voltages reduce H in proportion H’ = H kv/140 


points on the front of the wave at 10 per cent and 90 per 
cent of the crest voltage deflection. 

All 60-cycle tests were made in accordance with the 
rules of the AIEE. 

Voltage measurements were made in some cases by 
means of sphere gaps and in other cases by means of the 
cathode-ray oscillograph. The flashover values given 
are all based on the revised sphere gap calibrations given 
in the report of the AIEE subcommittee of the instruments 
and measurements committee, and published on page 
783 of the July 1936 issue of ELECTRICAL ENGINEERING. 


Humidity Effects 


Data on the effect of variations of humidity on the 
flashover have been analyzed and correction factors de- 
veloped. The flashover data for each insulator assembly 
and gap spacing were plotted against the recorded hu- 
midity andthe flashover voltage determined for thestandard 
vapor pressure. This reference value was then used as the 
base for determining individual correction factors for the 
test points. The curves of correction factors thus ob- 
tained for various insulator assemblies and gap spacings 
were combined and the most probable average curve 
determined. The accuracy of the data did not support 
any differentiation between the correction factor for rod 
gaps and insulators at the present time. 

It should be noted that there is a wide variation of the 
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points in some cases, especially for the higher values of 
humidity. Accordingly, it is highly possible that some 
inconsistencies may be encountered when flashover tests 
are made at high humidities. 


Results 


FLASHOVER DATA 


The average flashover voltages agreed upon for in- 
sulators and rod gaps are given in tables I, II, and III. 
In the opinion of the committee these values are sufficiently 
accurate to warrant their use for co-ordination pur- 
pose and are recommended for use until such time as 
sufficient additional data are obtained to confirm or 
modify them. 


HuMIDITY CORRECTION 


The curves showing the correction factors to be used 
for variation in humidity are shown in figure 1. The 
correction is given in 2 forms: As a “‘correction factor” 
by which the observed flashover is to be multiplied; and 
as a ‘humidity correction’”’ which is the percentage to be 
added to or subtracted from the observed flashover. 


Table Ill. 60-Cycle Voltage Flashover—Suspension Insula- 
tors, 10-Inch Diameter, 5°/,-Inch Spacing, and Rod Gaps 


Barometer, 30 Inches; Temperature, 77 Degrees Fahrenheit; Humidity, 
0.6085-Inch Vapor Pressure 
Data From Allis-Chalmers, General Electric, Locke, Ohio Brass, and 
Westinghouse Laboratories Averaged 


Suspension Insulators Rod Gaps 


Flashover Characteristics 


Number Flashover Voltage Gap Spacing Flashover Voltage 
of Units (Effective Kilovolts) (Inches) (Effective Kilovolts) 
De ecdon e: ene: sae eiesehnce 80 O.Brite neice eters 11.5 
yn Us ERE RC RENY 155 OST DS ts eee 17.5 
Ges serene ereeeks 215 eet 22.5 
tn CAGE Raa c 270 1.5 32 
bP CESC ISIC Mt hence 325 2 40 
Gian cereretereis laren 380 3 50 
Caidalete steratetoredahe 435 A fa cumeeiee nares 58 
Bia ters dincnsten nae 485 5 Si enen sees 66 
DO aresteviconsterseeete 540 Ga Picioaicloisre theraren 74 
1G erie aaskerwesreccuane 590 So eictec Ceteecs tiene 89 
LD NESTS cleo Oromo re a 640 LOW. Krxcaratctaciccnrece 105 
DDE ercheteie ve, cheitenan ste 690 15 .150 
DB Ne a vachancue toler eee 735 20 . 200 
A: Oars thereat 6 785 SOP rejsts oisrclekoeetensate 295 
MDs ascistw ake enc oes 830 40) Wei hs eroeners 385 
GS ROR ORO 875 DO seteisrereetarrereerae 480 
VG cut cutssconcs sadist 920 GG 9 hrc cten erasers 575 
ES is ee oatitentents 965 Te lakiote macctticarterete 665 
SO Ai etoeamren ects 755 
90.0 cate aeeraaee 835 
Tolerances 


SUSPENSION INSULATORS 

These values represent average results of tests on suspension line insulators 
of different design and manufacture made in different laboratories. When tests 
are made in any particular laboratory upon an insulator unit or assembly of 
specific design or manufacture, the flashover should be within plus or minus 
8 per cent of the value given in the tabulation. In accordance with AIEE 
Standards No. 41, the comparison should be made on the basis of the average 
flashover obtained from tests on 3 separate insulator units or assemblies. 


Rop Gars 


These values represent the result of tests on rod gaps made in different 


laboratories. When tests are made in any particular laboratory using the rod 
gap as a basis of comparison, the flashover voltage shall be taken from the 
above tabulation and shall be considered as correct within plus or minus 8 
per cent. 

It should be noted that the sphere gap is the standard for voltage measure- 
ments and that the rod gap is to be used only when approximate results will be 
satisfactory. 
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Insulation Co-ordination 


By PHILIP SPORN 


FELLOW AIEE 


I. Introduction 


an active one for the past 10 years or so. It was 
initially presented and discussed in 1928." Since 
then, the subject was taken up by practically all groups 
interested in the transmission problem including de- 
signers and operators of electric systems. As the study 
of the problem gathered headway, the need for further 
investigation work became quickly apparent. A great 
number of individual researches were thus started. All 
of them although closely related were not entirely co- 
ordinated. Each of them, however, in its own way, ar- 
rived at a solution of all, or of a part of the problem of 
co-ordinating the insulation strength of the electric system. 
Such investigation and research work included?’ 
field investigation of lightning on transmission lines, 
determination of system overvoltages, experience in 
actual practice, collection and analysis of operating rec- 
ords of apparatus and system performance. In the labo- 
ratory, a great deal of work was also done in determining 
the insulation strength of various pieces of apparatus 
and equipment. Included in this work was a determina- 
tion of transformer safe impulse strength, flashover 
characteristics of insulators, gaps, and some work, still 
incomplete, on impulse strength of switch insulators and 
bushings. 


Ts: SUBJECT of insulation co-ordination has been 


II. Objective of Insulation Co-ordination 


All of this work, the scope and inter-relationship of 
which is daily becoming closer, has as its goal, insulation 
co-ordination. 

Insulation co-ordination has 2 main objectives: (1) 
protection of service and equipment, and (2) economy. 
Strictly speaking, however, these 2 objectives merge into 
one—economy. This is true of every problem in protec- 
tion. In the case of insulation co-ordination, what is 
aimed at is an electric system so insulated in its various 
parts and such an arrangement in the insulation strengths 
of the various parts as regards one another that under 
all conditions the grade of service aimed at is obtained at 
a minimum cost. In the item of cost, there must be 
included, of necessity, fixed charges on first cost of equip- 
ment, cost of damages, cost of outages, cost of spare 
equipment, and cost or value of decrement or increment 
in good will. 


Ill. More Detailed Statement 
of the Co-ordination Problem 


‘As stated above, insulation co-ordination from a very 
broad standpoint becomes an economic problem. That, 
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I. W. GROSS 


ASSOCIATE AIEE 


however, is not adequate for a thorough analysis of the 
problem. For in any such analysis it must be recognized 
that what one is generally confronted with in a physical 
plane is insulation strength or insulation failure, both 
in the right and in the wrong places. 

Now insulation strength raises the question of over- 


voltages. These overvoltages may be divided into 3 
groups: 
First: Those due to 60-cycle or normal frequency 


Second: Those due to switching surges 


Third: Those due to lightning 


In the past, 60-cycle overvoltages have, in general, not 
been the subject of any grave concern and we can view 
the standard overvoltage test of equipment as a safe cri- 
terion to use in selecting insulation on a normal frequency 
basis alone. However, the fact that apparatus designed, 
tested, and used on the standard double-voltage test 
has given satisfactory service should not blind us to the 
possibility that a less severe 60-cycle test would have 
given equally satisfactory results. If this should prove 
to be true, it is obvious that insulation can be reduced 
from the past standards even on a 60-cycle basis with 
considerable economic gain and without any loss of re- 
liability of service. 

The second type of voltage to be protected against is 
the switching surge. Here, our basic knowledge on 
switching surges, both as regards the characteristics of 
such surges and the ability of insulation to withstand 
them,!*16 needs enlargement. However, troubles from 
this source have not been frequent. But switching surges 
can by no means be overlooked in setting up insulation 
levels and carrying through any plan of co-ordination. 

The third type of overvoltage is the one which has been 
given most consideration during the past decade, namely, 
lightning voltages, and it is around this phase that in- 
sulation co-ordination problem now largely centers. 

The insulation used to furnish protection against these 
overvoltages must of necessity be of the same material 
as that used to supply the insulation against the normal 
60-cycle voltages, that is, it must consist of additional 
oil, fiber, air, or porcelain. The only problem is how far 
to go if that method of avoiding trouble is chosen. The 
general principle of overinsulation, that is, adding in- 
sulation above past accepted standards has not proved 
very successful. Where it has been resorted to in the 
past and has not resulted in the mere transferring of the 


A paper recommended for publication by the AIEE committees on protective 
devices and electrical machinery. Manuscript submitted March 26, 1937: 
released for publication April 12, 1937. 


Puitie SPorN is vice-president and chief engineer of the American Gas and 
Electric Company, New York, N. Y. I. W. Gross is electrical research engi- 
neer with the same company. 


1, For all numbered references see list at end of paper. 
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trouble to some other point in the system, it has invari- 
ably been at heavy economic expense. The alternative 
to additional insulation is a group of protective devices 
such as gaps, lightning arresters, etc. It is unfortunate 
that, although a great deal of practice has concentrated 
in that line, altogether too little has been known about 
most such devices as lightning arresters and gaps. Some 
of the more recent work on insulation co-ordination has 
clearly brought this out. 

In any event, regardless of whether adequate insulation 
alone or overinsulation alone is used, or protective de- 
vices alone, or a combination of these is employed, it is 
apparent, as was initially! clearly shown that insulation 
levels must be set up for all the different groups of ap- 
paratus, with proper grading between all the links in every 
insulation chain at any particular level, and satisfactory 
margin of safety supplied at each of the levels. 


IV. Information Needed 


In setting up such insulation levels, there are several 
essential requirements: First, the expected magnitude and 
characteristics of overvoltages must be known with some 
degree of certainty; this applies not only to lightning 
voltages but also to 60-cycle and switching surge voltages. 
Coupled with this, information on the safe insulation 
strength of apparatus must be available. Finally, the 
voltage protective characteristics of the protective de- 
vices used under operating conditions must be known 
with a reasonable degree of certainty. 

In this connection an important factor which has re- 
ceived very little attention is the question of margins at 
the various insulation levels which are finally adopted be- 
tween equipment and protective device. For example, 
if a transformer will withstand, safely, an impulse volt- 
age of, say, 600 kv, the question must be asked as to how 
much margin should be allowed between the transformer 
and the protective device to insure that the protective 
device will prevent excessive voltage on the transformer. 
The same consideration must obviously be given to other 
pieces of equipment on a system, such as bushings, bus 
insulators, instrument transformers, etc. The correctness 
of such margins as adopted will eventually have to be 
tried out and proved under operating conditions. 

As information of this kind is obtained and correlated, 
it will eventually make possible a scientifically sound co- 
ordinated system of insulation levels for the various op- 
erating voltages with proper margins or steps for every 
insulation level between the different component parts of 
the transmission system, such, for example, as between 
the transformer and the switch insulators, between the 
switch insulators and the bus, and between other similar 
links in the insulation chain. 


V. Progress to Date 


In reviewing some of the work which has been done to 
date, the following points are of interest as indicative of 
the progress made in insulation co-ordination: First, 
60-cycle strengths are pretty well known for transformers, 
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bushings, suspension insulators, pedestal insulators, gaps, 
etc. Second, some work has been done in obtaining mag- 
nitude of switching surges and data on the ability of in- 
sulation to withstand them. Third, and this is probably 
the most important, impulse strength of many of the 
most important items of high-voltage equipment has 
been determined with some degree of certainty. Thus 
transformers are now being commercially impulse-tested; 
information is available on impulse strength of trans- 
former bushings; the characteristics of the lightning 
arrester which, in the past, was a semi-mysterious pro- 
tecting device, are much better understood and the pro- 
tective ability of the arrester fairly well known under an 
ever-increasing number of operating conditions. Also, a 
great deal of work has been done in determining the im- 
pulse characteristics of gaps under surge conditions. In 
this connection, it is pertinent to point out that the rec- 
ognized impulse laboratories today have so improved 
and perfected their technique that they are now almost 
universally operating on a basis where comparable data 
can be obtained. 

While much data have been obtained, and are being 
obtained, on impulse characteristics of insulation, the 
main problem of utilizing these data effectively in insula- 
tion co-ordination has not progressed as rapidly. This 
however, is natural in view of the fact that a practical 
and workable system of co-ordination must await the 
time when information is available on the insulation 
strengths of all the apparatus concerned and accurate 
knowledge of the impulse characteristics of the protective - 
devices employed. Fortunately, however, a great deal 
of the fundamental data are now available and insula- 
tion co-ordination is beginning to take form. Only re- 
cently, as reported in the companion paper, basic insula- 
tion levels for the preferred voltage ratings have been 
adopted. This will undoubtedly serve as a stimulus to 
the more active pursuit of the work needed to bring about 
co-ordination. But it must not be forgotten that the 
entire problem of correlating the laboratory test data, the 
field data, and various ideas and theories of electrical 
system design into a practical, workable system of in- 
sulation and protective levels still remains to be done. 


Insulation Co-ordination Chart 


So many different groups have been working on this 
subject each within its own field that it is believed that 
it will be helpful to present a rather complete picture of 
the insulation strength of major equipment and protec- 
tion available. With this thought in mind, the authors 
have collected and correlated a great deal of the available 
data on the subject and have prepared it in graph form. 
This is shown in the insulation co-ordination chart, 
figure 1. It is presented as an accumulation of data bear- 
ing on the insulation problem which in their own work 
the authors have found useful time and again to get and 
keep an over-all picture of the insulation problem in all 
voltage classes from 1 kv to one step beyond the present 
range of operating voltages, namely, 347 kv. 

On this chart there have been plotted, in the upper left- 
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hand corner, the impulse characteristics, both positive 
and negative, and 60-cycle flashover values of suspension 
insulators from 1 to 20. Flashover characteristics of the 
rod gap, which has been extensively used during the past 
number of years as a measuring and test device for co- 
ordinating the work of the laboratories, are shown im- 
mediately below the insulator data. In the lower right- 
hand corner is a graphic presentation of the magnitude of 
switching surges as actually observed from field studies 
under operating conditions. The major group of lines 
running diagonally through the center of the chart repre- 
sents the insulation characteristics of various pieces of 
equipment, and lightning arresters and also multiples of 
system line to neutral voltages. For easy identification, 
the preferred voltage class of insulation is shown by ver- 
tical lines located at the proper spacing as determined 
by the phase-to-phase system voltage scale at the bottom 
of the chart. 

By the use of the chart it is possible to get a rather 
complete over-all picture of the insulation situation in 
any voltage class by merely following a vertical line marked 
with the preferred voltage class: For example, reading 
values from the chart, on a 138-kv system the impulse 
test on transformers would be 680 kv, the im- 
pulse flashover of the bushing 720 kv. A 100 per cent 
arrester would have an JR drop, at 5,000 amperes through 
the arrester of approximately 600 kv, leaving a margin 
between the arrester and the transformer of approximately 
90 kv. To determine the test gap which would be used 
in testing the 138-kv transformer according to AIEE 
transformer standards, merely trace horizontally from 
the intersection of the 138-kv vertical line with the trans- 
former test (diagonal line) to the gap curve which shows 
a 421/.-inch gap. Such a gap, however (tracing ver- 
tically upward) would have a flashover of approximately 
770 kv with a negative 1'/ox40 wave, 925 kv with a 
1x5 negative wave, 1,290 kv if the impulse rose at the 
rate of 500 kv per microsecond positive, and 1,600 kv if 
the impulse rose at the rate of 1,000 kv per microsecond. 
It is obvious that such a gap furnishes little protection to 
the transformer under impulse if it is assumed that the 
test value of the transformer is approximately its safe 
strength. 

Another interesting point can be determined from this 
chart. Again start at the intersection of the 138-kv pre- 
ferred voltage class line with the transformer test curve and 
go horizontally to the gap curve for 1,000kv per microsecond. 
It is observed that a gap set at 16!/2 inches would flash 
over at 690 kv, that is, at the same value at which the 
transformer would be tested. Following down to the 

60-cycle gap flashover curve, it is seen that such a 161/2- 
inch gap would flash over at 165 kv and again going hori- 
zontally from this point to the 138-kv preferred voltage 
class line it appears that such a voltage would be approxi- 
mately 2.1 times normal line to neutral voltage. Thus 
a gap which will limit a steep wave front positive surge 
in order of 1,000 kv per microsecond to the tested trans- 
former strength would have such a low 60-cycle flashover 
that it would undoubtedly result in increased service 
outages under overswitching surge conditions. * 
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In applying lightning arresters for protection there 
should, of course, be some margin between the terminal 
voltage of the arrester under impulse conditions and the 
safe strength of the apparatus which it is to protect. 
This margin has been shown near the bottom of the chart 
for the 100 per cent arrester, as a full line curve. It will 
be noted that this margin varies from approximately 35 
kv in the 2,500-volt class to 120 kv at an operating volt- 
age of 230 kv. This gives an idea of the general range 
of margins which have been possible in recent years. A 
curve slightly higher up is also drawn showing the im- 
pulse characteristics of an 80 per cent lightning arrester. 
The so-called 80 per cent arrester is taken as one having 
80 per cent of the active material of a 100 per cent ar- 
rester and in general is considered suitable for use only on 
a grounded neutral system of normal rating or on an iso- 
lated neutral system rated 80 per cent of the conventional 
100 per cent arrester voltage. 

Reverting to the example of the 138-kv insulation 
cited above, it will be noted that a 100 per cent arrester 
would not supply any protection for a transformer in the 
115-kv class. However, if an 80 per cent arrester were 
used there is a margin between the arrester and 115-kv 
class of transformer insulation of approximately 110 kv. 
This 80 per cent arrester, however, has little margin for a 
standard 92-kv transformer, the transformer test and 
lightning arrester JR drop being about equal. Thus, it is 
apparent that if it is deemed safe to use an 80 per cent 
arrester on a 132-kv system (and this is entirely feasible 
where the 60-cycle voltage is limited by system ground- 
ing, etc.) it is possible, from the impulse protection point 
of view, to use insulation in the 115-kv class. If it is 
possible to cut the arrester to below 80 per cent it may be 
possible to use a transformer even in the 92-kv class 
without decreasing the margin of safety appreciably be- 
low that used in the past with standard 100 per cent 
arresters. Cases of this kind where reduced insulation 
has been used on our own system with a substantial 
economic saving will be cited below. In every case care- 
ful analysis shows that ample margins of insulation re- 
mained between the transformer and arrester levels. 

It is believed that this chart will be found useful in 
analyzing in a general way with considerable accuracy 
many problems of the above character. 

It should be pointed out that some of the data in the 
above chart are subject to further check and confirmation, 
such, for example, as impulse flashover of switch insulators 
and the JR drop characteristics of modern lightning 
arresters under present-day conditions. All data, how- 
ever, have been collected from sources believed to be re- 
liable and are the best available at the present time. 


VI. Present Insulation Practice 
of American Gas and Electric Company 


In the work on their own system the authors have been 
using the principles of co-ordination over the past 10 years. 
Initially the basic idea sought was to have the various 


* This, however, does not take into account the possibilities of ultrahigh-speed 
breaker reclosure. 
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component parts of the transmission system properly in- 
sulated with regard to each other and all properly insu- 
lated for the operating voltage and conditions encountered. 
But as they progressed in their work and in thinking out 
the problem, the ideas of co-ordination began to offer 
more and more means of reducing intelligently the cost 
of transmission equipment. Some 5 years ago, therefore, 
the authors first went thoroughly into the insulation 
problem presented by a 132-kv transformer installation 
and, as a result, placed in service a reduced insulation 
transformer, that is, one with insulation lower than normal 
for the system rating. Asa matter of fact, they actually 
used 115-kv insulation on a grounded-neutral 1382-kv 
system. Several very similar installations involving 
large 132-kv transformer banks have been placed in 
service on their system during the past year and others 
are being added. A comparison of the insulation co- 
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Figure 2. Insulation co-ordination on grounded-neutral 132- 
kv system of American Gas & Electric Company (installation 


in 1936) 


ordination of such a transformer with some of the other 
links in the insulation chain in the station is shown in 
figure 2. It will be noted that on an impulse basis, the 
transformer tested strength is approximately 40 per cent 
above the lightning arrester JR drop. It will also be 
noted that the switch insulators have an impulse strength 
some 5 per cent above the transformer strength and the 
bus some 50 per cent above the switches. The trans- 
former bushings were gapped, according to present trans- 
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former practice, at 5 per cent above the transformer test. 
In this connection, however, it may be well to point out 
that the practice of gapping transformer bushings in 
service to the 5 per cent margin above the transformer 
test recommended by the transformer subcommittee 
has been recently discontinued by the authors. 

There are 3 reasons for doing this: First, the impulse | 
characteristics of the transformer bushing, with gap spac- | 
ings recommended, does not indicate that protection 
will be afforded the transformer on steep wave fronts; | 
second, if the gap on the bushing flashes over there is al- | 
most sure to be sufficient damage to the bushing so that 
extensive repairs have to be made, in many cases, not | 
only to the bushing itself but to other bushings. Two 
cases of this kind have been experienced in the last year 
on gapped bushings. Third, transformer bushings in 
the lower voltage class, if gapped, have such small me- | 
chanical clearance that these gapped bushings become 
hazards in a major substation instead of safety devices. 

It will be noted also in figure 2 that the bus insulators, | 
both impulse and 60-cycle, are placed well above any 
other equipment in the station. This policy the authors 
have consistently followed on the basis that any damage 
to the bus structure may involve service interruptions 
sometimes that will affect a larger area of service than | 
damage to any other piece of equipment of embarrassing 
durations. 


Selecting Transformer Insulation 


In selecting reduced insulation for large-size high-volt- 
age transformers, the procedure followed by the authors 
within the past year has been as follows: 


1. The overvoltages on a system, due to faults or other effects, | 
such as hydro, are calculated and on this basis a suitable arrester is 
selected adequate to stand up in service under the worst 60-cycle | 
voltage conditions. 


2. The impulse characteristics of this arrester are determined. 


3. The transformer impulse strength is placed at a margin con- | 
sidered safe above the lightning arrester voltage and the class of | 
insulation into which that transformer falls is then selected. 


In other words, the start is with the lightning arrester as 
a protective level; the necessary margin between the | 
arrester and the transformer is then set, and then the | 
transformer insulation level is picked. As mentioned | 
above, this has resulted on the authors’ system in the | 
selection during the past year of several large-sized trans- 
formers with 115-kv class insulation for 138-kv class of 
service. There has even been considered in one case, so 
far, and it is believed feasible, to use so-called 92-kv class 
insulation for 138-kv service where 60-cycle voltage 
conditions are favorable. | 

This plan of so-called reduced insulation not only re- 
sults in economic savings in the initial cost of the trans- 
former, but also gives added protection to other equip- 
ment in the station by holding the impulse level low with 
a low-rated arrester. In view of the fact that the authors 
of late have gone extensively into the practice of locating 
lightning arresters directly on the transformer and are 
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gradually removing them from the lines at the line en- 
trance, greater protection will be supplied the entire 
station by the reduced-rated arrester than would be possible 
with the so-called 100 per cent arrester. Thus, the ini- 
tial reduction of transformer insulation to a lower voltage 
class has resulted not only in a more economical trans- 
former but greater protection for the entire station con- 
cerned. 


Bus and Switching Insulation Practice 


In tables I and II are given 60-cycle and impulse volt- 


age characteristics of the present standards which are 


being used for switches and insulators in station design 
on the authors’ system. A comparison is made in these 
tables with values recommended by National Electrical 
Manufacturers Association. It will be noted that the 
authors’ practice calls for flashover values, both 60-cycle 
and impulse, except for post-type insulators in the 132-kv 
class, which are higher than NEMA recommendations. 
While it may be possible to use insulation with lower 
flashover than the authors’ indicated practice, it should be 
kept in mind that bus insulators are only a small portion 
of the cost of the total station equipment, and the steps in 
insulation from one insulator to another are so large that 


it is not usually feasible to hew closely to a given mini- 


mum insulation value. Further, the bus is one part of 


_ the system that it is well to protect against flashover under 


any condition, leaving the more finely graded steps of in- 
sulation to be worked out for the other links of equip- 
ment and apparatus in the station. 

It will be noted that there is one outstanding case where 
the authors’ insulation practice is below a NEMA recom- 


-mendation, and that is for post-type insulators in the 


132-kv class where the impulse strength is about 15 per 
It should be pointed 
out, however, that in practically all of the cases where 
these are used there exists lightning arrester protection 
designed to hold impulse voltages down below the bus 
insulator level. It is interesting to note, in this connec- 
tion, that this lower insulation which has been used in 
some 35 stations on their 132-kv system, has according 
to their records, some of which go back 20 years, never 
resulted in a major case of trouble. 


VII. Work Still to Be Done 


As pointed out in the early part of the paper, a great 


_ deal of work has been done in obtaining fundamental 
- data on the characteristics of insulated equipment and 


protective devices. The work of correlating these data 
and setting up workable insulation systems has been in 
progress for the past few years. Further and fairly rapid 
progress may be expected in the next 2 years. But it 
needs to be stressed that whatever co-ordination system 
may be set up, it is bound to be, in part at least, based 
on theory, and to that extent it must receive its final test 


in field experience. 


The authors have outlined above, in a rather general 
way, some of the practices which they have adopted as a 
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result of their work on the problem and on which we are 
now getting their field trials. There have also been 
outlined some of the methods which they have employed 
in arriving at the various insulation steps which they 
have employed in their more recent design work, and it is 
hoped that some of the work described above, the basis 
on which it was arrived, and the data used, may be useful 
to others who are now working on this problem. The 


Table |. Bus and Switch Insulation Practice—Post Type 
Insulators 
J Impulse 11/2x40 
60-Cycle Flashover (Kilovolts) Positive* 
Nominal A. G. & E. Co. NEMA (Kilovolts) 
Operating SUE 
Kilovolts Dry Wet Dry Wet A.G.&E.Co. NEMA 
ine segante Sia ecerte SOM cnet OOty-raerare Bye oGarao 6 LOB veryveipere 74 
Oh 5 ure ow LOO:Panen nes Olas rarer UfScac oto US BAO VAS cree 105 
5A eae oats Sh BOOMs errs MO eateyerere (Diaterteae DOR crete 145 eres 250 
WOT Acad 09 YOO A Earns (csr (ig eo SOW ae Tee oo 250 
DE ARO IRA L40) cies .t- OO eres Oa bacn (0 Goran = ANOS Gascon 145 
PH OOO OOD POO Serves Milas Grn UZ ener OOM ctercitete 240 asic ers 210 
ARH Ohio OSCE LSO nets ser DUS). tverensc Ai 8 ceo 'o NO, Somoacr 240. 0 210 
As srefataicis LOS aenenencte Ne ee Beane NE Besare.0 IPAS geecaaan BEG AGaoO 260 
667 Reece SOO mr ratts ZO rere PAVE ciao UXO) ASA eons OOO Rmpreretere 380 
SS erste CMU 55 sind ZO elects 29D tereieracs 240fa28 =. we QUO Lon case 500 
SZ cera cist DOO eee DSO ene 4.00 2 rs) c1e B00 ah cree 620) eee 735 


* Based on some available data and ratio of impulse to 60-cycle values. 
{ No NEMA rating—value calculated. 


Table Il. Bus Insulation Practice—Suspension Insulators 
60-Cycle Flashover (Kilovolts) 
Nominal A. G. & E. Co. Impulse 
Operating 1!/2x40 Positive 
Kilovolts Dry Wet (Kilovolts) 
Wo Revdercige thane Sas SO eater sarees GO eeieroteyercreterens 125 
G:9 See eases re Ds Re nckcly os cee OOF a ctiteiee hesste 210 
1 as eis ie coe otto LS aio aonec tar taedehahuess OO eine: mestcteto 210 
1 Se es ic amie Re onat WSS iisrecatakererccnene es 90.2 Geer ata oaies 210 
2D was petaterips Ghat Maman 195). cts ciate smn UR errs Catone 295 
Hy Gian PER Scr RE eC ag Q3D serene Waimea nemertereroteee 365 
CSTR ese aioe sumeaoie, 3 2SS%, tsa Peo Ree L755 Go Ghee acereiedcher tree 365 
Ce Ek ST eas 280 vcr eeatsensportestons ZA DR vane arsteicpeteterssets 435 
66 es eta each vis BOK cocstomieveustere rane te ZG inpeycreienekeacterer eats 505 
SEL atte et goreeteetene 2 Oe a aretrpe aie DSO Meretercterciete siete 650 
132 Vise toeice eee DOM rte are eel has tke BST cha lencices cream ic 910 


authors look forward with confidence to the not too dis- 
tant future when a group of insulation levels will have 
been set up, with all links of the insulation chain speci- 
fied in magnitude, and with workable margins between 
links properly applied. 

There is one final point which needs to be stressed in 
connection with this work of insulation co-ordination and 
that relates to equipment now in service which was de- 
signed and built with very little, if any, consideration 
given to its impulse strength. A great deal of such equip- 
ment is now in service and will of necessity have to re- 
main so for many years to come. The problem of co- 
ordinating and protecting this insulation is one which will 
assume considerable importance in the future, particularly 
when the equipment becomes older. It is believed, how- 
ever, that as progress is made in the simpler problem of 
insulation co-ordination on new equipment, the prin- 
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ciples and practices arrived at will be helpful in setting 
up protective measures for older equipment as well. 
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Fire Precautions in Electrical Stations 


HE PAPER “Fire Precautions in Major Electrical 

Stations” by F. C. Winfield (A’22) chief electrical 
engineer, Merz & McClellan, Newcastle-on-Tyne, Eng- 
land, was presented recently in London before The Insti- 
tution of Electrical Engineers. In this 10-page paper, 
which has 5 illustrations, the fact is observed that while 
electrical duplication or multiplication of equipment is 
tecognized as essential, its complement—true physical 
segregation of duplicates to secure against the fire or 
explosion risk—has not received as much attention. 
However, it is emphasized that the rare occurrence of se- 
rious fires, a condition secured by the use of sound plant 
and good protective gear, justifies a different treat- 
ment. It is stated that “the eggs shall not be car- 
ried in one basket’’; however, the conditions do not 
require that each “egg” be carried in a separate basket. 
A single clear division of plant into 2 parts is frequently 
sufficient. The “unit principle’ of electrical arrange- 
ments, which means that each major item of equipment is 
provided with its own separate and distinct control and 
auxiliary equipment, is favored by the author. 

The governing principles in fire considerations may be 
enumerated in 3 classes: 


1. Provisions which always ought to be made: (a) the use of switch- 
gear and plant of adequate capacity, soundly designed and con- 
structed and provided with suitable automatic protective arrange- 
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ments; (b) the complete electrical and fire sectioning into at least 
2 duplicate parts of the switchgear, transformers, cables, etc., 
supplying an electric system or independent portion of a system; 
(c) minimum arrangements for fire fighting; (d) heating of buildings 
to reduce risks of insulation failures. 


2. Provisions that are easy and inexpensive to make and that reduce 
the spread of fire or consequential damage within a fire section: (a) | 
sealing of holes in floors or internal parts of any single fire section 
that has natural structural barriers; (b) the elimination of com- | 
bustible matter not inherent to plant. 


3. Provisions that while not essential are desirable and should be \ 
applied where the importance or special conditions of the station justify | 
the expenditure: (a) floor drainage to remove oil quickly; () per- |) 
manent and local fire-extinguishing plant either automatic or remote- 
controlled if the station is permanently attended. 


An important factor in any oil-fire fighting arrangement 
is the dense black smoke which impedes or prohibits access 
to the seat of the fire. This is a most serious considera- 
tion in dealing with fires which occur in the inner regions } 
of large power stations, for example, and for this reason it | 
is strongly recommended that where possible, and except | 
where small-size plant only is in question, all large trans- } 
formers or switchgear should be mounted in separate |: 
buildings or in chambers opening to the outer air and | 
sealed off from the inner side. Where this is not possible, 
automatic or remote-controlled forms of fire attack should [ 
always be employed, to make immediate attack on the ) 
fire without actual access being necessary. 

A second important matter in all electrical failures is § 
to eliminate the electrical contribution to the fire as} 
rapidly as possible by tripping the switches connected to 
the affected bus bars and the corresponding remote feeder | 
switches. If a sound basis can be found for doing this 
automatically so much to the good, but in any caset 
operating instructions ought to provide for immediate 
action of this type, starting with the section switches, 
whenever a fire or explosion occurs. 

Since prevention is better than cure, routine testing of} 
insulation to find possible sources of failure that miget h 3 
cause fire is desirable. Unfortunately, no form of routine} 
insulation testing has yet been devised which has not ' 
important objections. The so-called Doble method of 
testing, which makes routine field tests of watts loss ands 
power factor with a specially portable apparatus and} 
compares these one against another and all against con-| 
tinuous records of past testing, has shown promising 
results although there are at present certain physical|) 
limitations in its application to metalclad switch equip-)| 
ments. 

Despite all precautions, fire cannot be absolutely pre-| 
cluded and the only ultimate safeguard must be a reason-|, 
able fire-sectioning of the plant, so that a fire or explosion? 
is limited in its worst effect to a section or group of plant|) 
items which can in emergency be done without. Distinct} 
buildings are to be preferred to barrier walls to reduceji 
the possibility of damage by explosions, and it is suggested 
that one wall of structures have adequate windows or 
doors secured lightly so that a relief vent will be providedi’ 
to reduce the force of explosions. Because of the rarity U 
of serious fires, the actual loss sustained in damagedj) 
equipment or buildings is not of importance. 
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A New High-Speed Cathode-Ray Oscillograph 
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Synopsis 


A historical review of advances in the design of high- 
speed cathode-ray oscillographs and in particular a de- 
scription of the development, performance, and applica- 
tion of a new type oscillograph is presented in this paper. 
The new instrument embodies a sealed-glass, high-vac- 
uum, hot-cathode, cathode-ray tube for operation at 
15,000 volts. 


has maintained a position of unchallenged and 

ever-increasing importance in the realm of prob- 
lems relating to high-speed electrical phenomena. It 
owes this distinction to its inherent capability of faith- 
fully recording electrical transients of extremely short 
duration. Among many other accomplishments the 
cathode-ray oscillograph has contributed enormously 
to the progress in the perfection of electrical insulation 
and to a better understanding of insulation problems 


S « CE its birth in 1897? the cathode-ray oscillograph 


in general. For example, the knowledge of the char- 
acteristics of electrical stresses produced by _ light- 
ning disturbances on power transmission and dis- 


tribution systems has been greatly expanded. As a re- 
sult of these studies, standardized high-voltage impulse 
tests are now widely made in the industry’s laboratories 
on electrical equipment and apparatus using artificial 
lightning of prescribed wave shapes. The modern exact 
impulse-testing technique of today is quite unthinkable 
without the cathode-ray oscillograph. Likewise the cath- 
ode-ray oscillograph has been indispensable in the studies 
of recovery voltages during circuit interruption and thus 
in a large measure responsible for the present state of 
perfection of the modern circuit breaker. 

The evolution of the cathode-ray oscillograph, from 
its early beginning to the various practical forms which 
are in use today, has occupied a period of 40 years. It 
would be impossible here to give a full and detailed ac- 
count of all the valuable developmental work that has been 
done. However, a brief survey of the principal steps in 
the development is made below to serve as a background 
for the new cathode-ray oscillograph which is described 
in this paper. 


Historical Review 


The earliest cathode-ray oscillograph tube which 
Braun? invented in 1897 consisted of a sealed evacuated 
glass tube, a ‘‘cold’” cathode, an anode, a diaphragm 
with a small hole at its center and a fluorescent screen. 
The electrons, originating at the cathode, traversed the 
aperture in the diaphragm and impinged on the fluores- 
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cent screen to produce there a luminous spot. Shortly 
after, a magnetic concentration coil’ was added by means 
of which the luminous spot could be focused. At first 
the electrons forming the cathode-ray beams were de- 
flected magnetically; later, electrostatic deflection plates 
were added. With early tubes of this kind, at excitation 
voltages of 30 kv, Zenneck photographed fluorescent 
screen traces of electrical events of one millisecond dura- 
tion.” During the course of the years the original Braun 
tube was gradually improved'* by adding a hot cathode, 
gas, or electrostatic focusing means, and beam intensity 
grid controls. Today this type of tube is widely available 
commercially and is commonly used in low-voltage cathode- 
ray oscillographs of the repeating-time-axis type for the 
study of recurring phenomena. In slightly modified 
form it now also is finding an important place in the field 
of television. 

Because of its recording speed limitations the early 
Braun tube was found inadequate to satisfy a growing 
demand for higher and higher recording speeds. This 
led to a radically new avenue of attack and Dufour in 1914 
introduced the photographic plate inside the vacuum to 
let the electrons impinge directly on the photographic 
emulsion. He used vacuum pumps to obtain and hold 
the necessary operating vacuum after insertion of the 
photographic film. At cathode excitation voltages of 
50 or 60 kv Dufour obtained a recording speed of 1,000 
kilometers per second. The early Braun tube had a re- 
cording speed of perhaps one kilometer per second. Based 
on his earlier experiments Dufour constructed the first 
practical cathode-ray oscillograph of the so-called inter- 
nal-photography type, a description of which he pub- 
lished in 1920.° For an excellent history of the cathode- 
ray oscillograph with a complete bibliography up to 
1925 reference is made here to a paper by MacGregor- 
Morris and Mines.'* 

The successful production of a practical high-speed 
cathode-ray oscillograph by Dufour” stimulated many 
others to follow his lead. Numerous investigators, among 
them Dufour himself, Rogowski® and Flegler, Gabor,” 
Norrinder,?? Wood,’ and Knoll,” developed new arti- 
fices such as improved methods of focusing by the addi- 
tion of a second concentrating coil, division of the vacuum 
chamber into 2 sections having different degrees of vac- 
uum, new shapes of cathodes and anodes, beam traps 
and improvements in the vacuum system. Modified 
forms of the Dufour-type high-voltage internal recording 
instruments for practical use in laboratory and field work 
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Figure 1. General 
Electric cathode- 
ray oscillograph, 
type HC-15, front 

view 


were built in this country by the General Electric Com- 
pany,”® by Professor R. H. George,?® and the Westing- 
house Electric & Manufacturing Company.** Professor 
George used a hot cathode and electrostatic beam focus- 
ing. As a culmination in the quest for high recording 
speeds, Rogowski*? in 1930 succeeded in obtaining the 
enormous speed of about 60,000 kilometers per second, 
which is !/s; the speed of light. Because of the finite ve- 
locity of the electrons this writing speed is considered to 
be the practical limit for the cathode-ray oscillograph. 
The literature from 1930 to date includes descriptions of 
several practical high-voltage, internal recording type 
instruments, some equipped with high-speed rotating 
film drums especially adapted to switchgear testing work 
(see bibliography). As a result of highly interesting de- 
velopment work Rogowski and his associates recently 
have obtained surprisingly high writing speeds with a 
cold-cathode type instrument at voltages as low as a few 
thousand volts.** This result was due to extremely high 
beam currents made possible by the use of very narrow 
discharge tubes having relatively high gas pressures. 
During the last few years an increasing number of 
investigators have been studying the possibilities of ob- 
taining high-speed oscillographic records with the film 
outside of the vacuum. This came about quite naturally 
with the growth of the commercial impulse-testing practice 
and the increased applications of the cathode-ray oscillo- 
graph to engineering problems. One of the principal 
difficulties encountered with inside recording results 
from the necessity for breaking the vacuum to renew a 
film. Despite great refinements in vacuum technique? 
the time for obtaining the proper operating vacuum after 
renewal of a film is not always reliably predictable. Nu- 
merous factors contribute to this behaviour. Probably 
the more prominent ones are unavoidable air leaks which 
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are difficult to locate, the removal of moisture and other 
impurities from the oscillograph vacuum chamber, and 
the maintenance of the correct vacuum for best oscillo- 
graph performance at a given writing speed. 

The earliest method used to obtain oscillograph records 
outside of the vacuum was to photograph with a camera 
the luminous trace on the oscillograph fluorescent tube 
screen. However, because of the recording speed limi- 
tations existing at that time, this method was abandoned. 
The solution for high-speed external recording was sought 
first with the aid of the Lenard! window. This is a very 


thin vacuum-tight membrane supported internally by a 
reinforcing grid against the external atmospheric air 
By using extremely high tube excitation volt- 


pressure. 


Figure 2. General Electric cathode-ray oscillograph, type 
HC-15, rear view 


Recording camera 
Time-axis-calibration oscillator 
D-c calibration unit 
Cathode-ray tube 
Sweep-circuit unit 
Cathode-excitation-circuit unit 
Thyratron beam-initiating unit 
Sweep-initiating unit 
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ages it was shown by Coolidge!8 


trons can be made to trav- 
erse a window of the Lenard 
type. Knoll** first built a 
practical cathode-ray oscillo- 
graph equipped with Lenard 
windows and obtained re- 
cording speeds of 5,000 kilo- 
meters per second with a 


the window (contact expo- 
sure) and a cathode exci- 
of 75 kv. 
Miller and Robinson®! have 
provided a Lenard window 
attachment for their conven- 
tional type of internal photog- 
raphy instrument. 

Another line of attack in 
obtaining oscillographic rec- 
ords by contact exposure has 
been the use of a glass win- 
dow coated with fluorescent 
material on the inside.'4 In 
this case the light radiation 
from the fluorescent screen 
is used to blacken the film. 
Investigations have been 
made along this line by a 
number of workers, Freise- 
winkel® and others, and high recording speeds were ob- 
tained in some cases. However, it also was found that 
unless a very thin glass window is used, the light dis- 
persion will result in a blurred record.73 Of course, it 
was known that sharply focused records can be obtained 
with a camera—which method places no restrictions on 
the thickness of the glass window—but here only a very 
much smaller part of the available light is used. 

With the availability of commercial high-speed photo- 
graphic lenses and with the attainment of sharply focused 
beams and exceedingly high fluorescent spot intensities 
one of the most interesting trends of recent years is the 
return to the simple external camera method of recording 
as used in connection with Braun’s tubes. Following 
earlier experiments by Rogowski‘! and his associates, 
Dodds** in 1933 reported the recording by external camera 
of speeds of 30,000 kilometers per second at 90 kv cathode 
excitation with a cold-cathode tube. A year later Gondet 
and Beaudouin®® described a new Dufour hot-cathode 
vacuum-pump type oscillograph with external-camera 
photography. 

It having been demonstrated that very high recording 
speeds can be obtained by photographing the fluores- 
cent screen from the outside, consideration was given again 
to a complete sealing off of the tube and the resulting 
elimination of vacuum pumps. Rogowski and Szegh6*? 
developed a permanently sealed glass oscillograph tube 
with cold cathode and zinc sulfide fluorescent tube screen 
for 40 or 50 kv excitation voltage. The tube was hydro- 


Figure 3. 


2—Time-axis-calibration oscillator 
3—D-c calibration unit 
5—Sweep-circuit unit 
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Simplified schematic oscillograph circuit diagram 


6—Cathode-excitation-circuit unit 
7—Thyratron beam-initiating unit 
8—Sweep-initiating unit 


gen filled for protection of the cathode and to obtain a 
high spot intensity. Provision is made to diffuse hy- 
drogen into the tube to replenish the loss of hydrogen 
through clean-up action. As cold cathodes are subject 
to crater formation, a loosely mounted spherical cathode 
was used which can be turned to expose a fresh surface by 
lightly tapping the tube. A complete oscillograph em- 
bodying a tube of this type was described by Parker- 
Smith, Szeghd, and Bradshaw’8 in 1935. 

In the above brief historical review it was obviously 
impossible to mention all of the numerous and valuable 
contributions that were made toward the gradual per- 
fection of the high-speed cathode-ray oscillograph. How- 
ever, an extensive bibliography covering the cathode-ray 
oscillograph development, with particular emphasis on 
the high-speed type for transient recording, is given at 
the end of this paper. 


The New Cathode-Ray Oscillograph 


It has been shown that the cathode-ray oscillograph is 
capable of enormous recording speeds. However, when 
we examine the recording-speed requirements from a prac- 
tical engineering point of view we find that in most of the 
fields of application of the oscillograph ultrahigh speeds 
are not required. This applies particularly to impulse- 
testing work, to the study of lightning and lightning pro- 
tection, and to investigation of switchgear problems. 
Because of the large dimensions of the circuits involved 


“a 


the transients in these circuits inherently can be but mod- 
erately fast. Experience has shown that in this important 
field a recording speed of 10 inches per microsecond (250 
kilometers per second) is sufficient for most practical 
purposes. 

Having recognized this fact, the development of a new 
cathode-ray oscillograph was undertaken with the object 
of producing an instrument with sufficient recording speed 
to meet the practical requirements stated above. It was 
believed that by omitting the ultrahigh-speed feature 
and by employing a sealed cathode-ray tube requiring 
no vacuum pumps, and external camera photography, 
the apparatus would become simpler.and less costly. 


The New Cathode-Ray Tube 


The development of a cathode-ray tube to meet the 
above specifications had its origin in the high-vacuum 
hot-cathode glass type of cathode-ray tubes described 
by Zworykin** and Metcalf.*4 In recording-speed tests 
made with the General Electric type FP-53 cathode-ray 
tube, single sweep traces of 100,000-cycle oscillator waves 
were successfully photographed at an anode voltage of 
10,000 volts, the maximum tube rating. The more than 
linear growth of the recording speed, with increasing 


Figure 4. Oscillator oscillograph records 


A—100,000 cycles per second 

B—500,000 cycles per second 

C—500,000 cycles per second 

D—2,000,000 cycles per second 

E—2,000,000 cycles per second 

F—D-c calibration record showing 250-volt steps 


anode voltage, observed in the tests, suggested further 
tests at anode voltages higher than 10,000 volts. There- 
fore, additional tests at higher voltages were made and the 
voltage was finally boosted to as high as 18,000 volts. 
The results indicated that beginning at around 15,000 
volts standard impulse waves like the 1 x 5- and the 11/2 x 
40-microsecond waves could satisfactorily be recorded. 
Thus it was quite definitely established that a tube of this 
type was applicable for the field intended for it. 

However, although the cathode-ray tube used stood 
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up quite successfully under the added voltage stresses in 
these early tests, considerable difficulties were first en- 
countered in attempting to reproduce this tube commer- 
cially for continuous operation at 15,000 volts. The 
most annoying and stubborn obstacles were internal dis- 
charges, flashovers, and field currents. These tended 
to render the tubes sometimes completely inoperative. 
Most often, however, the local field currents distorted 
the electrostatic focusing field, so that a sharp focus was 
not obtainable, and other times they caused a flickering, | 
disturbing screen glow. After many disappointments 


Impulse oscillograph records 


Figure 5. 


1!/.x40-microsecond impulse waves and rod gap flashovers 


these difficulties were finally traced to residual gases liber- 
ated by the high-speed electrons from the internal tube 
parts. This discovery led to the adoption of added refine- 
ments of the manufacturing processes, mainly during the 
evacuation stages, and in conjunction with the R. C. A. 
Manufacturing Company, Radiotron Division, a com- 
pletely reliable practical 15,000—volt tube known as type 
RCA-912 was ultimately produced. 


Description of the Oscillograph 


The new oscillograph, described in the following, was 
built around the cathode-ray tube, the successful develop- 
ment of which was discussed above. On account of the 
relatively low cathode-tube operating voltage used, a 
very compact arrangement of the complete oscillograph 
equipment was made possible. .Thus there were installed 
in a single cabinet shown in figure 1 the following com- 
ponent parts: the cathode-ray tube and recording camera; 
auxiliary circuit units for the cathode excitation and focus || 
of the tube, for the automatic initiation of the cathode- | 
ray beam, for producing the sweep and for the proper time 
co-ordination of the oscillograph with impulse generator 
or other external circuits; an oscillator for the time axis 
calibration; and a d-c supply unit for the oscillograph de- 
flection calibration. 

The physical arrangement of the various circuits shown 
in figure 2 presented many interesting problems. Inas- 
much as sharp voltage impulses are used in the oscillo- 
graph to perform certain precise timing functions with 
fairly large currents involved the circuits had to be criti- 
cally arranged for minimum mutual interference. Also 
undesirable magnetic fields resulting in a disturbed cathode- 
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ray beam deflection were carefully eliminated by partial 
field compensation and shielding. A considerable study 
was also devoted to the proper arrangement of the deflec- 
tion-plate-circuit leads and all other leads to prevent 
pickup through magnetically or electrostatically induced 
voltages from auxiliary timing circuits operating at as 
high as 7,500 volts. The cathode-ray tube at 15,000 
volts tube voltage was measured to have a deflection 
sensitivity of approximately 500 volts per inch. 

In erder to obtain a clear understanding of the pur- 
pose and function of each oscillograph circuit, these cir- 
cuits will now briefly be described. 


THE OSCILLOGRAPH CIRCUITS 


In figure 3 is shown a simplified schematic diagram 
of the oscillograph circuits. For the production of the 
cathode-ray beam, the tube requires proper d-c poten- 
tials for the several elements. These voltages are de- 
rived from the cathode-excitation circuit shown at the 
right of figure 3. For this purpose a simple voltage- 
doubling circuit was used with bleeder resistance A—E. 
The control-grid rheostat was proportioned so that the 
potential G may be varied from complete shut-off of the 
beam to full intensity. It was also found desirable to 
provide a separate rectifier circuit for independently ad- 
justing the focusing potential fF. For the prevention of 
d-c voltage fluctuations all essential d-c potentials were 
carefully stabilized with capacitors. 

When the oscillograph tube is to be operated at maxi- 
mui intensity as required for high-speed recording, the 
time during which the cathode-ray beam is on must be 
limited. This is necessary because a prolonged high- 
intensity beam may not only damage the tube screen, but 
may even soften the glass locally. For the proper time 
duration of the cathode-ray beam the automatic beam- 
initiating circuit unit shown in the center of figure 3 was 
developed. It is seen to consist essentially of a thyratron 
capacitor resistance discharge circuit HIK. For the dis- 
charge resistor K, thyrite was used which transmits ap- 
proximately one ampere at 1,000 volts and 0.001 ampere 
at 100 volts. The circuit operates as follows: By ap- 
plying a positive voltage impulse to the thyratron grid L 
the capacitor discharge is precipitated. When the dis- 
charge current has dropped to a critical value of approxi- 
mately one milliampere the negative thyratron grid bias 
shuts off the current and the capacitor charges again 
slowly through the high charging resistor shown. During 
the discharge period the voltage drop across the thyratron 
tube H remains approximately constant at around 20 
volts. By the use of the thyrite resistor mentioned, 
instead of an ordinary resistor, it was intended never to let 
the capacitor voltage drop to less than approximately 
100 volts. This special circuit feature was developed to 


Wave-front sphere-gap spark-overs 
and 2,000,000-cycle oscillator waves 
with harmonics 


give a sharp cathode-ray beam shut-off as discussed be- 
low. After the application of the positive initiating im- 
pulse on the thyratron grid L the tube voltage quickly 
drops to a low value and remains essentially at that value 
until the tube current has reached the critical shut-off point. 
When the tube shuts off, the voltage instantly rises to 
about 100 volts and then increases slowly again to the ini- 
tial value as the capacitor recharges. Referring to the 
diagram the thyratron anode is connected to the cathode- 
ray tube cathode through a resistor and the thyratron 
cathode is connected to B. Before the initiation of the 
thyratron discharge circuit the cathode of the cathode-ray 
tube is seen to have a positive potential bias with respect 
to the beam intensity control grid. This is, of course, 
equivalent to a negative control-grid bias. During the 
transmission of current through the thyratron, this bias 
is removed and the cathode-ray beam is on. Owing to 
the use of the thyrite resistor described above the beam 
shuts off instantly when the current through the thyratron 
tube ceases to flow because of the quick rise of the thyratron 
anode voltage. The resistor shown between the thyra- 
tron anode and the oscillograph tube cathode was added 
to prevent local oscillations. The initiation and timing 
of the cathode-ray beam could, of course, have been ac- 
complished by swinging the cathode tube control grid 
rather than the cathode. However, the solution de- 
scribed was found to be more convenient. 

The positive initiating impulse for the thyratron grid L 
is obtained from a group of circuits which were designed 
to provide suitable voltages for the sweep deflection, and 
the proper time correlation of the oscillograph with the 
impulse generator or other external circuits. These 
circuit units are shown schematically in the diagram of 
figure 3 on the left. 

By pressing pushbutton P the 3-electrode gap of the 
primary initiating circuit breaks down near the negative 
crest of the initiating transformer voltage. The capacitor 
discharges into the resistor shown and a very steep positive 
polarity voltage impulse of 7,500 volts appears at M. 
This impulse is transmitted to the thyratron grid L 
through the coupling capacitor shown and the cathode- 
ray beam comes on and stays on for a predetermined 
short time. The voltage impulse at I is also transmitted 
through a delay resistance to the midsphere of the 3- 
electrode gap of the sweep-initiating unit, causing these 
gaps to break down. The time delay of the gap break- 
down was designed to be approximately 20 microseconds. 
The 2 capacitors of this circuit discharge through the 
resistors VO. A negative polarity voltage of 7,500 volts 
instantly appears at NV and a voltage of equal magnitude 
but of positive polarity appears at O. The time constant 
of this circuit was designed to be 50,000 microseconds so as 
to give essentially a square voltage wave (d-c voltage) for 


Figure 6. High-speed impulse records 
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the excitation of the sweep circuit whose time constant 
is very much less. 

The square voltage wave at NO is applied to the sweep 
capacitor S through charging resistors by breaking down 
a pair of small gaps. This causes the sweep voltage on 
capacitor S gradually to rise, moving the cathode-ray beam 
sideways along the time axis. When the voltage on S 
has reached approximately 3,000 volts the small protec- 
tive gap across S breaks down. The resistors in series 
with this gap were so designed in proportion to the charg- 
ing resistors of S that the voltage on S remains essentially 
constant after the protective gap breakdown. The 
sweep voltage of 3,000 volts is sufficient to deflect the 
cathode-ray beam off the tube screen where it will remain 
until the thyratron tube of the beam initiating unit shuts 
it off. 

As may be recognized in the circuit diagram, the sweep 
initiating unit and the sweep itself are balanced with 
respect to ground. A carefully balanced design was 
developed to eliminate pattern distortions on the oscillo- 
graph-tube screen. When an unbalanced sweep was 
used, the deflection amplitude obtained with a given 
voltage was found to be larger at one end of the time 
axis than at the other end. 

In order that the cathode-ray spot may start from the 
edge of the tube screen instead of from the center, the 
sweep capacitor S and the sweep deflection plates con- 
nected to it must have an initial bias voltage of polarity 
opposite to that of the sweep voltage. This bias voltage 
was conveniently tapped off at D and £ of the cathode 
excitation circuit as shown. This necessitated the use 
of the small gaps in the sweep circuit to isolate the sweep 
deflection plate circuit until the initiation of the sweep. 

A selector switch was installed to connect to the vertical 
oscillograph deflection plates either the oscillograph ter- 
minals X, the d-c calibrating unit, or the time axis cali- 
brating oscillator. The selector switch, the d-c calibrat- 


Figure 7. 
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Diagram of oscillograph and impulse-generator co-ordination 
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ing unit and the oscillator are shown on the right of the 
cathode-ray tube in the diagram of figure 3. 


THE RECORDING CAMERA 


Considerable developmental work was done to produce 
a fast lens system giving a one-to-one magnification ratio. 
Such a lens was produced by the Bausch and Lomb Opti- 
cal Company and it is used in the photographic camera 
shown in figures 1 and 2. It gives a full-size reproduction 
of the cathode-tube screen image. This feature was 
obtained by the use of 2 lens systems of equal focal lengths 
connected in series and mounted in one lens barrel. The 
cathode tube screen was placed at the focal point of one 
lens and the image appeared at the focal point of the 
other. Two separate corrective negative lenses were 
added to compensate for some field curvature and also 
to partly compensate for the spherical curvature of the 
cathode tube screen. The lens assembly was designed - 
to have a nominal lens speed of f3. 


OSCILLOGRAPH RECORDS 


In designing the oscillograph, consideration was given 
to a practical photographic equipment which can be oper- 
ated by anybody with average experience; thus the han- 
dling of the films does not require special refinements in- 
asmuch as commercial films and developers may be used. 
Supersensitive panchromatic film was found to give the 
best practical results, but for moderately fast work ex- 
cellent results were also obtained with Kodak Verichrome 
film. 

In. figure 4 are shown reproductions of oscillator 
oscillograms obtained with the camera described above. 
Attention is called to the uniform deflection along the 
entire sweep. This result is due to the use of the balanced 
sweep circuit described above. Typical records of 1!/2x40 
microsecond impulse waves are shown in figure 5. 

A set of interesting high-speed records obtained with a 
sweep of 2 microseconds and a 
small commercial f2 camera 
are shown in figure 6. 

This type of oscillograph 
may also readily be adapted 


©F © to rotating film drum record- 
ing. In this case only one 

©2 0 pair of deflection plates is used 
ae and the luminous spot on 
We posse the tube screen is projected 
we on the moving film by means 


of a photographic lens. For 
this application the cathode- 
ray tube used contains a flu- 
orescent substance having a 
very short persistence of flu- 
orescence. With film speeds 
of 500 feet per second oscil- 
latory waves of as high as 
100,000 cycles per second were 
successfully recorded. 

By the use of more than 
one cathode-ray tube multi- 


©) © 


ELECTRICAL ENGINEERING 


June 1937 


circuit recording instruments may be built. Several 3- 
tube cathode-ray oscillographs are now in use in the Gen- 
eral Electric Company. 

In one of these instruments the persistence of fluores- 
cence is made use of. The cathode-ray beam is made to 
Sweep across the tube screens recurrently by means of a 
saw-tooth wave time axis oscillator. Upon occurrence 
of the fault to be recorded, a relay quickly operates the 
triggered camera shutter and a snapshot of the tube 
screens is thus taken. In spite of the time de- 
lay introduced by the relay and shutter, the camera 
successfully photographs the ‘“‘memory’”’ (persistence of 
fluorescence) of the fault on the tube screens. 

In the development and design of this oscillograph the 
adoption of 15,000 volts for the cathode tube was quite 
arbitrary and does, therefore, not represent a final limit 
for this type of tube. It is believed to be entirely feasible 
to produce still higher voltage tubes if the range of this 
type of instrument is to be extended into fields requiring 
higher recording speeds. 


Application of 
the Oscillograph to Impulse Testing 


There are many ways of co-ordinating a cathode-ray 
oscillograph with impulse generator equipment and it 
would be impossible here to describe them all. The en- 
gineers concerned with this work have always liked to 
resort to their own ingenuity for accomplishing desired 
results and the competition between the various groups 
has made for remarkable refinements in the art. In order 
to illustrate the performance of the new oscillograph a 
method is given of co-ordinating the oscillograph with a 
Marx-type impulse generator. This method was suc- 
cessfully used in the Schenectady high-voltage laboratory 
of the General Electric Company. 

The simplified circuits are shown schematically in 
figure 7. As shown, a small 2-stage Marx circuit is used 
to act as an intermediate initiating circuit between the 
oscillograph and the impulse generator. The interme- 
diate circuit receives its initiating impulse from the cath- 
ode-ray oscillograph and its output in turn is used to trip 
the impulse generator 3-electrode gap. 

In taking an impulse wave record the sequence of events 
is briefly as follows: With the face held against the view- 
ing window on the front panel of the oscillograph and with 
the eyes focused on the cathode-tube screen, the camera 
shutter is first opened. Shortly after pushbutton P is 
pressed. This causes the 3-electrode gap of the primary 
oscillograph initiating unit to break down and the impulse 
from M fires the thyratron tube of the beam-initiating 
unit. The cathode-ray beam appears on the left edge of 
the tube screen where it remains stationary. However, 
within about 20 microseconds the impulse from M also 
trips the 3-electrode gap of the sweep-initiating circuit 
and the sweep begins. Simultaneously a voltage im- 
pulse of 7,500 volts from O through terminal T travels 
out through some delay resistance to the trip gap of the 
intermediate initiating circuit whose output in turn pre- 
cipitates the impulse generator discharge. The voltage 
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divider leads from the impulse-generator discharge cir- 
cuit bring the desired voltage impulse to the oscillograph 
deflection plates. The luminous cathode-ray spot now 
traces the wave shape which can be seen at the same time 
the photographic record is taken and the spot finally dis- 
appears at the right edge of the cathode tube screen where 
it is automatically shut off. The camera shutter is now 
closed and the record is taken. 

When very fast sweeps are employed requiring ultra- 
precision timing, the sequence of the various circuit ini- 
tiating events is slightly altered. The first impulse from 
M which establishes the cathode-ray beam is now used 
to initiate through terminal U the intermediate circuit 
and impulse generator before the sweep begins. As shown 
in dotted lines in figure 7 a portion of the impulse generator 
voltage from W is used to trip the gaps of the sweep-ini- 
tiating unit through the oscillograph terminal Q. This 
takes place before the arrival of the impulse from M on 
the same sphere. This modification was found to pro- 
vide very sharp timing between the start of the sweep and 
the precipitation of the impulse generator discharge as 
illustrated by the fast records shown in figure 6. 

In conclusion a practical high-speed cathode-ray os- 
cillograph was successfully constructed with external 
camera photography, incorporating a sealed glass cath- 
ode-ray tube, capable of recording transients at a re- 
cording speed of 250 kilometers per second (10 inches 
per microsecond). It was shown that higher recording 
speeds are not needed in most practical fields of applica- 
tion. 
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Dynamic Balancing of Small Gyroscope Rotors 


By O. E. ESVAL 
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sible for any type of rotor provided it can be run ina 
special fixture for the measurements. However, 
some rotors due to large size or other restrictions can be 
run only on their permanent mountings and balancing usu- 
ally requires more or less ‘‘trial and error” testing. On 
the other hand, certain rotors of the first group that are 
small in size and may be run in special fixtures, impose 
unusual obstacles which make it difficult to apply the 
well-known principles to produce a rational method of 
dynamic balancing. This paper is devoted to a descrip- 
tion of the solution of such a balancing problem. 
The present method was originally developed to balance 
a wheel capable of spinning 30,000 to 40,000 rpm. At 
that time the production method of balancing small gyro 
rotors in the Sperry Company consisted of placing small 
amounts of putty or Vulcatex on the rotor periphery and 
shifting the position and amount until the rotor felt 
smooth. The rotor was then drilled in accordance with 
the position and the amount of putty present. This re- 
quired skilled operators but at the time seemed to be the 
only method which produced a satisfactory balance. How- 
ever, this method broke down when applied to very high- 
speed rotors, since the operators no longer have a proper 
sense of ‘‘feel’’ at high frequencies. After the application 
had been made to the high-speed wheel, it was decided 
that the method would be very useful for production 
balancing of air-driven gyroscope rotors such as are 
shown in figure 4. These rotors are used in the standard 
airplane flight instruments shown in figure 5. Several 
factors in this balancing problem are unique. The most 
important of these is the unusually high degree of balance 
required. This requirement is peculiar to gyroscopic 
instruments since very sensitive antifriction bearings 
must be used for rotor and gimbal bearings. Also it is 
frequently found that dynamic unbalance, even in small 
amounts, will excite destructive gyroscopic nutations. 
This is particularly true of gyros with very free gimbal 
bearings. Quantitatively, the maximum allowable vi- 
bration is of the order of 10~* inch at the bearing hous- 
ing. This is not remote from the threshold of “feeling” 
on these instruments at 200 revolutions per second. It 
is understood, of course, that very high-grade, smooth 
running bearings must be used, otherwise one may mis- 
take the “feel” of bearing “noise” for rotor unbalance. 
This requires an excellence of running balance that is far 
beyond the range tolerated in any other type of rotating 
apparatus. 


i DIRECT METHOD’! of balancing is generally pos- 
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Pivot-type cone bearings are used on these rotors. 
These are shown on the central shafts in figure 4. The 
pivots run on ball bearings in the case of the instrument. 
Due to this type of construction, it is impracticable to 
connect mechanically to any type of speed indicator, 
voltage generator, commutator, or interruptor. Further- 
more, any mechanical connections would, when removed 
after balancing, in all probability cause an unbalance. 
Therefore, any signal which is to be generated for indi- 


Figure 1. Mode of vibra- 
tion of an unbalanced rotor 
spinning under conditions 
simulating the balancing 
machine 


cation of rotor speed and position must be derived by 
other than mechanical means. 

Due to the nature of the product, extreme care must 
be exercised in handling the rotors to prevent damage. 
The sensitive bearings used are affected very badly by 
any foreign material. The slightest abrasion of the pivot 
means scrapping. ‘There is also another hazard, namely, 
the danger of striking the unprotected rotor pivot against 
some object while it is being removed or assembled in 
the balancing fixture. Therefore, the machine must 
be constructed in such a manner that unskilled operators 
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Figure 2. Phase shift curves 


A—Phonograph pickup B—Ring pickup 


can manipulate it rapidly with the minimum hazard to 
the finished rotor. 

Another condition to contend with is high speed. It 
must be possible to measure rotor unbalance at a com- 
paratively high speed. This speed may be anywhere 
from 5,000 to 40,000 rpm. Thus, to obtain high sensi- 
tivity, the rotor casing and vibration pickup must be as 
light as possible and the critical frequency of the mount 
should be very low with respect to the lowest speed at 
which we wish to balance. 


Choice of Method 


In choosing a method of balancing these gyroscope 
rotors, we were forewarned that our problem was so differ- 
ent that an unusual machine was necessary. Attempts 
by various companies interested in up-to-date balancing 
methods to balance these rotors failed to produce results. 
The reason, obviously, was that their standard apparatus 
while excellent for their own product, was not adapted to 
the small gyro rotors. 


Rotor Mounting 


The first attempt at a balancing machine is shown in 
figure 6. The rotor is mounted in a rigid 3-legged frame. 
At each end of the frame, in the correction planes, (planes 
normal to the spin axis which include the balancing 
weights) are mountings for flat leaf springs 120 degrees 
apart as shown at the bottom of the frame. The springs 
can be attached at either end of the frame and their out- 
side ends are secured to a heavy base. The frame is then 
virtually pivoted at the rotor axis in the plane of the 
springs. The springs maintain equal rigidity in all planes 
which include the axis. Therefore, the rotor axis will 
oscillate in a conical path (this will be found demonstrated 
in figure 1), the apex of which lies in the plane of the 
springs. For small vibrations, the damping of such a 
spring mount is exceedingly low. It is easy to adjust 
the resonant speed by varying length and thickness of 
springs and maintain at the same time sufficient rigidity 
in the plane of the springs to substantially block out the 
vibration of the end not being measured. 
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Reference Signal 


Since it is impossible to attach any kind of a signal 
generator mechanically to the rotor, the obvious way of 
of obtaining a signal which depends for its phase on a 
reference mark on the rotor, is the application of the 
photoelectric cell. A beam of light is reflected from the 
surface of the rotor to a photocell. A certain part of the 
rotor surface is highly polished, the rest is not. The ro- 
tation, therefore, varies the reflected light and pulsates 
the photocell current at rotor frequency. This means 
of voltage generation obviously does not impede motion 
of the rotor or the frame. 


Vibration Instruments 


The first requirement of the vibration instrument is 
that it must permit adjustment of the phase of the output 


Figure 3. Reso- 
nance curves 
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Figure 4. Gyro- 
scope rotors 


voltage. In practically all other balancing methods, 
the phase of the reference voltage is adjusted to be in or 
out of phase with the vibration voltage. But it is in- 
convenient to adjust the phase of the reference voltage 
in this device because in moving the optical system around 
the axis of rotation, the light beam would be intercepted 
by the frame work. The vibration instrument shown 
in figure 6 is an ordinary electromagnetic phonograph 
pickup. It is mounted to rotate on the axis of the needle 
which rests on the top of the rotor frame. Vibration of 
the frame is transmitted to the pickup through the 
needle, thus generating a voltage. The frame vibration 
is circular around the spin axis but the pickup generates 
a voltage by only that component of the vibration that 
lies in one axial plane. Now, to advance or retard the 
phase of the voltage, it is necessary only to advance or 
retard the axial plane in which the pickup is sensitive. 
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This means that rotation of the pickup about the needle 
axis, adjusts the phase of the output. The dial indicates 
pickup position. It is apparent that the voltage magni- 
tude is not affected by angular position of the pickup as 
long as the rotor axis describes a circular path under the 
influence of an unbalanced rotor. 

The voltage output of the pickup is proportional to 
frequency (w) and amplitude of the vibration (p) and is, 
therefore, a measure of unbalance (Wr/g) at any given 
speed, where W is the unbalanced weight, 7 is its radial 
distance from the spin axis, and g is acceleration of gravity. 
The position of the unbalance is determined by adding 
to the vibration voltage the reference voltage. The mag- 
nitudes are first made equal by attenuation. The pickup 
is then rotated to the point where the sum of the 2 voltages 
is zero. The dial reading indicates the position of the un- 
balance as measured in degrees from some arbitrary ref- 
erence mark on the rotor. The phonograph pickup was 
tried first because of its availability and simplicity but 
it was not entirely satisfactory, as will be discussed later. 
First, another necessary feature of the system will be 
discussed. 


Filtering 


Figure 7 is what might be called a vibration spectrum 
of a rotor with bearings and frame. It indicates the 
relative magnitude (not taking into account the fact 
that the voltage induced in the pickup is proportional 
to frequency), of all the harmonics that are present in 
the vibrations of a fairly well-balanced rotor. The rotor 
speed is 200 revolutions per second and the amplitude at 
that frequency is considerably less than some near-by fre- 
quencies. Naturally, these other frequencies tend to give 


an erroneous voltage reading in measuring magnitude and 
make it impossible to phase against the reference voltage 
If the pre- 


for position. Obviously, filtering is necessary. 


Figure 5. Flight instruments 


Figure 6.  Ex- 
perimental ma- 
chine with phono- 

graph pickup 
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cision of balance required were not so high, the vibration 
component at rotor speed would still be large and filtering 
would not be necessary. Under existing conditions, it is, 
however, a prime requisite. The reference signal also 
has a high harmonic content so it must be filtered too. 
The combined output is filtered after the 2 voltages are 
added together. This precludes the possibility of un- 
compensated phase shifts in filtering. The schematic 
wiring diagram, figure 8, shows the method of adding 
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Vibration frequencies present in a balanced directional gyro rotor case; 
bearings not perfect 
Pickup response is not a measure of amplitude of vibration at various 
frequencies because output is proportional to frequency 


voltages, filtering, and amplifying. A very sharp band- 
pass filter is used. 


Voltage Balance 


In practice, it is found that in order to obtain an ac- 
curate indication of unbalance position, the 2 voltages 
must be very nearly equal. At least one of them must 
therefore be adjustable. The reference signal is the one 
adjusted. The effect of imperfectly balanced voltages 
is shown in figure 9. The slope of the curves is a meas- 
ure of sensitivity in locating the correct position. The 
abscissas of this family of curves is the angle (@) between 
minus e, and plus e,, and the ordinates are their sum 
(e) in per cent of the vibration voltage (e,). Plots at 
several ratios (P) between e, and e, are given to show the 
effect of inequality of the signal voltages. It should be 
noted that a is the angular error in locating the unbal- 
anced weight. 

Let 


é, = E, cos (wt + a — 180°) 
e, = E, cos wt 


When F, = E, by adjustment and a = 0. Then 
é, + e, = E, cos (wt — 180°) + E, cos wt = 0 
It can then be shown that 


e/ey = V/1 —2Pcosa + P? 
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For small angles this relation can be simplified to 


e/ey = WV (P — 1)? + Pat 


The curves of figure 9 are a plot of this equation. 

Since the slope of the curves is proportional to sensi- 
tivity in setting a equal to zero, it is apparent that the 
voltages must not be unequal by more than approximately 
one per cent to measure position with an accuracy of one- 
half a degree. Furthermore, to obtain the same sensi- 
tivity of position for small magnitudes, as for large mag- 
nitudes, a tapered attenuator on the reference voltage 
must be used. 


Phonograph-Type Pickup 


The resonance curves of figure 2, curve A, and figure 3, 
curve A, indicate that damping is considerable because 
the angular position is never independent of speed in the 
operation range. In fact, at 200 revolutions per second 
a change of 20 revolutions per second results in position 
change of 2'/, degrees. Of course, the band-pass filter 
limits the possible variation in speed, but with air driven 
rotors, speed changes of less than 10 revolutions per 
second are difficult to control. Such changes in frequency 
will not appreciably change the attenuation of the desired 
signal. A more serious difficulty was the unsuitable criti- 
cal speed. The curves, figure 2, curve A, and figure 
' 3, curve A, show resonance at about 115 cycles. Experi- 
ence indicated that 150 revolutions per second (9,000 rpm) 
is a good compromise speed at which to balance the rotor. 
It is undesirable to balance at full speed, 12,000 rpm, be- 
cause initial unbalance forces are a hazard to rotor pivots. 
Balancing at 2 speeds was found unnecessary, hence the 
compromise. Since 150 revolutions per second was 
found to be the best balancing speed, resonance at 115 revo- 
lutions per second put the knee of the curve right at 
running speed. Such a condition would produce bad 
errors in position with imperceptible changes in speed. In 
attempting to lower the resonance speed, several modifi- 
cations of the mounting and vibration pickup were tried. 
The pivoting springs were made longer to lower the free 
resonance of the frame. But, in doing so, the loading 
effect of the pickup on the system was accentuated to 
such an extent that all gain in reduced frame resonance 
speed was lost. This was caused partly by the phe- 
nomenon of 2 resonances in series, one of which is the 
spring mounted frame and the other the natural frequency 
of the magnetic pickup. They are mechanically con- 
nected together by the needle. Various attempts to 
reduce damping and lower the resonance of the pickup 
were made but decrease of one effect tended to increase 
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Figure 8. Schematic wiring dia- 
gram of balancing machine 
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Figure 9. Positioning error curves 


In order to determine accurately the position of unbalance a must be 


made zero. To obtain high accuracy in setting a to zero, P must be 
close to unity 
the other. This was an indication that the pickup was 


the wrong type of instrument. It became necessary to 
investigate the use of other types of vibration measuring 
devices. A piezoelectric microphone was given a trial 
but with little success. 

In the course of experiments, it became apparent that 
the important requirement of the system is a very loose 
coupling between the oscillating frame and the pickup. 
The next section describes such a vibration instrument. 


Ring-Type Pickup 


Figures 10 and 11 illustrate the type of instrument 
that was finally evolved. This pickup has the desirable 
feature of having a very loose coupling with the rotor 
frame. It is noted that there is no mechanical coupling 
between these parts. 

The instrument comprises a permanent horseshoe mag- 
net with a center pole of soft iron on which is wound a coil 
and a soft iron ring attached to the moving element 
(rotor frame). The iron ring oscillates with the rotor 
axis under influence of rotor unbalance. This oscillation 
is such that the ring moves in an eccentric path around 
the central pole of the pickup. This motion varies the 
flux through the center pole periodically and generates a 
voltage in the coil the frequency of which is rotor fre- 
quency. Examination will show that the phase of the 
voltage can be changed by turning the permanent magnet 
on the axis of the center pole. The voltage (e,) is pro- 
portional to the amplitude () of the circular oscillation 
and, therefore, is also proportional to unbalance (Wr/g) 
at fixed speed. 

With this device, it was possible to obtain the reso- 
nance curves as shown on figure 2, curve B, and figure 3, 
curve B. The resonance, it is noted, occurs at 40 revolu- 
tions per second as compared to 115 revolutions per 
second with the phonograph type of pickup. This critical 
speed is sufficiently low to allow very satisfactory opera- 
tion at 150 revolutions per second. It will be noted that 
there are several slopes to the @ curves. @ is the angle 
between the displacement vector (p) and disturbing 
force (Wrw?/g). Number 1 is the first result. It has a 
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Figure 10. Ring- 
type pickup 


VYjeu 
a@a 


slight change of 9 with speed. This condition is not en- 
tirely satisfactory and experiments were made to remedy 
it.. This condition, it was possible to correct in the cir- 
cuit. Capacity across the photoelectric cell coupling 
transformer was found to provide means of compensating 
this relative phase shift. Several values of capacity were 
inserted across the transformer and the results are shown. 
One value of capacity, it will be noted, produced practi- 
cally constant 6 with speed variation in the 150-revolution- 
per-second region. This is the final arrangement. 

The critical speed of the system and phase shifts were 
now reduced to a very satisfactory value. The basic 
features of the system were now developed. However, 
some doubt was raised concerning the practicability, 
owing to the difficulty in mechanically keeping the axis 
of the ring concentric with the pole of the pickup. Since 
the frame on which the ring is mounted is supported on 3 
springs, it is apparent that close mechanical alignment is 
not easy to maintain. The air gaps when the ring is 
centered are 0.040 inch from pole to ring and 0.40 inch 
from ring to magnet. It is quite possible that a misalign- 
ment of less than 0.005 inch would be difficult to maintain 
on a production machine. In this system it is essential 
that the phase of e, can be changed the whole 360 degrees 
with respect to e, at constant magnitude. Also, voltage 
e, should be constant with given unbalance and its phase 
with respect to e, should always indicate true position of 
unbalance. The curve on figure 12 shows, experimentally, 
the effect of misalignment on sensitivity. It is noted that 
the misalignment may be as great as 15 per cent before 
the calibration is affected more than 1 per cent. 


Sensitivity 


Earlier in this paper some indication of required ac- 
curacy in balancing was given. Measurements show 
that it is desirable to detect and correct an unbalance of 
the order of 0.00001 ounce inch. This unbalance pro- 
duces a very slight vibration in the frame. The initial 
unbalance is of the order of 0.001 ounce inch. The maxi- 
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Experimental machine with ring-type pickup 


Figure 11. 


mum unbalance produces about 2 millivolts which re- 
duces to roughly 20 microvolts for the minimum reading. 
The internal impedance of the pickup is about 1,400 ohms, 
so the power output is very low. A high-gain amplifier 
is necessary to produce the power necessary for even a 
sensitive meter. A fairly simple, 3-stage full a-c operated 
amplifier can be made to give satisfactory results. 

An attenuator to serve as a meter multiplier is necessary 
to allow the use of the meter on full scale on minimum 
signal for phasing purposes. The signal may change 
in the ratio of 100 to 1 or more, so changing of meter 
scale is mandatory. 

Figure 13 shows the very linear relation that exists 
between magnitude of unbalance and voltage output. 
In balancing the rotor, the magnitude and position of 
unbalance is observed and recorded for both ends of the 
rotor. Then the 2 ends of the rotor are drilled the in- 
dicated depth at their proper respective positions. All 
weight correction is accomplished by drilling. Figure 
14 is a calibration curve of drill depth against voltage. 
The nonlinear characteristic is due to the conical shape 
of the drill point. 

It would be very advantageous to balance the rotor 
perfectly in one reading. Consideration shows the im- 
possibility of this. First, the unbalance indication must 
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Figure 12. Effect 
of misalignment 
on calibration 
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be reduced from 2 millivolts down to less than 10 micro- 
volts, a ratio of 200 to 1. Secondly measuring instru- 
ments have inherent errors that in practice cannot be 
eliminated. A voltmeter is never accurate to better 
than 1 per cent. Taking the combined inaccuracies of 
‘amplifier attenuators, etc., the errors will be not less than 
5 per cent. If the error is 5 per cent, the initial unbal- 
ance indication can be reduced by a ratio of 100 to 5 or 
from 2 millivolts to 100 microvolts. Experience shows 
that 3 “‘shots” usually are required at each end. It can 
be shown that a balance in 3 readings can be obtained 
with over-all calibration errors of as much as 10 per cent. 


Production Balancing 


Figure 15 shows the form of the machine that is re- 
placing older methods in production balancing. It is 
designed especially for speedy manipulation in the fac- 
tory. The main features of this device are (1) duplicate 
pickups, one at the top and one underneath and (2) 
one set of supporting springs for each correction plane. 
The springs are controlled by cams operated simultaneously 
by a handwheel for the purpose of changing the support 
from one correction plane to the other. When the sup- 
port is shifted to the top springs, a switch operates auto- 
matically to connect the bottom pickup to the circuit 
and vice versa. The 3-sided rotor frame is designed to 
permit quick insertion or removal of the rotor without 
damage to the pivots. 

This system is the only one to our knowledge which 
provides the extreme sensitivity required in balancing 
airplane instrument gyroscope rotors without depending 
on superkeen perceptions in the operator. Also, the 


Figure 13. Unbalance ver- 
sus output of ring-type pickup 
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Figure 15. 


Production rotor balancing machine 


speed of balancing is several times faster than the most 
skilled operator could make with former methods. Re- 
jections due to defective rotor balancing are reduced from 
nearly 50 per cent to zero because the machine, in largely 
removing the human element in the measurements, can 
obtain exactly the same degree of balance on every unit. 

Another valuable feature of the machine, which has 
not yet been thoroughly investigated, is its use as a “‘stetho- 
scope” for checking vibrations caused by sources other 
than unbalance. In this use, the fixed band-pass filter 
is taken out and replaced by a “‘wave analyzer.’ Such 
an instrument is shown in figure 11. Frequency spec- 
trums similar to the one shown in figure 7 can then be 
taken. This information is important in the study of 
ball bearings, case resonances, high-speed gyroscopic nu- 
tations, etc. It has enabled us to measure effect of loose- 
ness and out of balance in ball-bearing retainers. All of 
the possible uses for such a machine have obviously not 
been explored. However, they appear to be numerous 
and, no doubt, several other interesting applications will 
follow. 
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The Vibration Isolation of Machinery 


By L. H. HANSEL 


reduce the amount of noise and vibration transmitted 

to the structure in which the machine is housed, or 
to adjoining structures. The general subject of isolation 
and isolation materials is receiving increasing attention 
with the tendency to speed up machinery. Machine de- 
signers recognize the fact that increased speed has resulted 
in troublesome vibration problems that previously had not 
reached ‘“‘nuisance’’ or ‘“‘damage’’ levels. The great 
majority of manufacturing tools are inherently unbalanced. 
To design a ba'anced drop hammer, loom, punch press or 
automatic machine is not feasible. In such cases the use 
of isolation material becomes a necessity. 

Unfortunately, in many instances, isolation has been 
tried and the desired results have not been attained. 
These failures have been generally caused by a lack of 
understanding as to the principle of isolation and the 
absence of practical knowledge as to how and where the 
material should be installed. 

The first principle of isolation is that the natural 
frequency of the machine on its isolation must be consider- 
ably less than the operating vibration frequency of the 
machine. As an example, let us assume that we have a 
machine which gives rise to vertical vibrations of frequency 
30 per second. The machine weighs 1,600 pounds and 
is to be supported upon 4 equal springs. Furthermore, we 
desire to reduce the vibrations transmitted to the sur- 
roundings to 1/, of the value when springs are not used. 
If & is the “‘stiffness coefficient’”’ of the 4 springs, the fre- 
quency, A, the amplitude of transmitted vibration without 
the springs, and A, is the transmitted vibration with the 
springs, then 


T= GENERAL purpose of isolating machinery is to 


: 4n°n? — —k 
g 
substituting 
ia k 
- 1600 
tee Se CO) St 
32.2 


and k = 176,000 pounds per foot. 

For one spring the stiffness coefficient is 44,000 pounds 
per foot or 3,660 pounds per inch. Four springs each 
giving a deflection of one inch for a 3,660-pound load 
solve the requirements. 

It is noted, that the stiffness coefficient is an important 
property of an isolator. From equation (1) we can calcu- 
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late what isolation will be obtained at frequencies other 
than the operating frequency of 30 vibrations per second. 
When k = 41°n? w/g, A2/A1 becomes theoretically infinite. 
The transmitted vibrations at this frequency are very 
much higher with the springs than without them. This 
occurs at a frequency of 9.5 vibrations per second. Ata 
frequency of 12.4 vibrations per second A, = Aj, and the 
transmitted vibrations are the same with the springs as 
without them. This frequency is called the ‘isolating 
frequency.”’ A plot of the calculated values of A2/A; for 
various frequencies is shown in figure 1. 

Examination of this curve shows that below the isolat- 
ing frequency (where A2/A = 1.0) the transmitted vibra- 


Figure 1 
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tions are larger with the spring isolators than without 
them. The system only becomes effective at frequencies 
higher than 12.4 vibrations per second. 

If the springs are stiffened the natural and isolating 
frequencies become higher, and consequently their effec- 
tiveness at the operating frequency of 30 per second is 
lessened. If the springs are reduced in stiffness the situa- 
tion is improved. Questions of stability will determine 
what minumum stiffness coefficient is permissible. 

The resonance peak is undesirable in the majority of 
cases. During the starting and stopping of the machine 
the transmitted vibrations are large and, in addition, the 
machine on the springs oscillates through a very large 
amplitude, both of which are objectionable. To remedy 
these difficulties it is desirable that the isolation material 
possess ‘‘damping’’ qualities. 

Damping has 2 principle effects. It greatly reduces the 
height of the resonance peak, but the installation is less 
effective than isolation with no damping at frequencies 
higher than the isolation frequency. The curves of figure 
2 show a material with little damping and one with con- 
siderable damping. 

Experience has shown that the improvement obtained 
at frequencies lower than the isolation frequency with the 
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material with appreciable damping properties is of great 
practical importance. 

If the material has appreciable damping qualities the 
A2/A, equation 1 becomes: 


Ax zr Ann? (2) 


Where 7 is the damping constant. 

This constant is measured by taking a record of the 
damping curve. One method of doing this is illustrated 
in figure 3. 

The test piece is loaded with 2 suitably sized weights. 
A small stylus bears on the top bearing plate. Any 
motion of the isolation material causes the mirror to move 
about its axis and a beam of light to move across the slit 
of a constant film speed moving picture camera. The 
lower weight is suddenly moved and a record of the oscil- 
lations is made on the film. From measurements on the 
damping record the value of 7 can be evaluated. 

Control of materials and manufacturing processes 
makes it possible to make felts covering a very wide range 


SMALL DAMPING 
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of stiffness coefficients. For example, felts can be made 
which are suitable for loadings from 2 to 500 pounds per 
square inch. In determining the properties of these 
load-deflection curves were measured together with the 
damping or “‘resistance’’ coefficients. Curves similar to 
that shown in figure 4 were then calculated. 

These curves have been checked at numerous points by 
measuring transmitted vibrations in the following manner. 

The vibrations of an eccentrically loaded motor were 
measured with no isolation, thus giving the value of Aj. 
The test material was installed at the desired loading and 
the vibrations transmitted to the surroundings were again 
measured, thus giving the value of Ay. The readings so 
made served as a direct check upon the determination of 
A,/A, by means of equation 2. 

For purely rotative devices such as electric motors, 
the frequency to be isolated is the speed in revolutions per 
second. The frequency to be isolated for more complex 
machines is not so easily determined. The satisfactory 
method is to obtain a photographic record of the vibrations. 
There are 3 general types of instruments used: displace- 


736 


Hansel— Vibration Isolation 


ment recorders, velocity recorders, and accelerographs. 
Each gives a different recorder, and what is measured 
as the predominate frequency of the frequency giving the 
biggest displacement on the record is not necessarly the 
same for the 3 instruments. As an illustration of this, 
let us assume that a record similar to figure 6a is obtained 
with some type of velocity recorder. If a record is now 
made with an accelerograph it appears as in figure 60. 
An examination of the 2 records discloses that the fre- 
quency to be isolated as determined by the accelerograph 
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is 4 times as high as is determined by the velocity recorder. 
A record of the same vibrations taken on a displacement 
recorder would give a much smoother curve than 6a, and 
the slight irregularities of 6a would be much smaller on 
the displacement record. 

The only case where records from the 3 instruments 
would be similar is when the vibratory motion is simple 
harmonic, such as an unbalanced rotor. The question 
then arises as to which of the 3 should be used in a deter- 
mination of the frequency to be isolated, where the machine 


Figure 4 
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is more complex. Since we are interested in damage to 
the structure or annoyance to persons, the measurement 
which best measures damage or annoyance is the proper 
one to use. Since acceleration is proportional to unbal- 
anced force it seems reasonable to accept acceleration as 
the best measure of damage. Through evidence collected 
by seismologists and engineers acceleration is a better 
measure of structural damage than velocity or displace- 
ment. 
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Experiments have been made in order to establish a 
unit of ‘‘nuisance level’ of vibrations, that level at which 
people term a vibration an annoyance. Neither accelera- 
tion, velocity nor displacement are satisfactory as a unit. 
When the vibrations are accompanied by noise, it very 
often happens that eliminating the noise results in the 
opinion that the vibration difficulty has been overcome. 
What one person calls an objectionable vibration, another 
does not, so that the establishment of a satisfactory 
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nuisance level does not seem possible. Such being the 
case and accepting the fact that acceleration is the best 
- measure of damage, the accelerograph is preferable to the 
velocity or displacement recording instruments. 

It is well to examine the more practical aspects of vi- 
bration isolation with the idea of pointing out the more 
common errors made in installation. The most common 
of these is ‘‘bridging.’’ Many installations are found in 
the field where the use of holding-down bolts makes the 
application useless. 

A “bridged” isolator is shown in figure 7a. Here the 
holding-down bolt or lag screw is rigid’y connected to the 
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(b) 
Figure 6 


machine foot and to the floor, and offers a direct path for 
the transmission of vibration. Where holding-down bolts 
are necessary the installation can be made as in figure 7b, 
where no direct path for the transmission of vibrations 
is available, except through the isolating material. In 
such arrangements clearance must be provided between 
the bolt and the machine footing. The lower pad takes 
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the sum of bolt load plus machine load, and the upper 
pad, the bolt load. Generally the bolt load is in excess of 
the mass load of the machine. The efficiency of the 
isolation is determined by the mass load and not by the 
bolt load. Consequently, it is necessary to use a material 
which is capable of taking the bolt plus machine load 
without deterioration. This is necessarily a stiffer 
material than one which would have to withstand the 
machine load alone, and isolation efficiency is sacrificed. 
Many machines have to be bolted down. 

It has been found that a great many others which are 
ordinarily bolted do not require bolts provided the pad 
can be cemented to the foot of the machine and to the 
floor. It has been found, for example, that a satisfactory 
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Figure 7 


and preferable method of mounting looms is by eliminat- 
ing the bolts or lag screws, and cementing the pad. The 
loom stays fixed in its location, the mass loading on the 
pad is correct, and the cost of the pads themselves is 
largely offset by the saving in the cost of installing the 
lag screws or bolts. 

In connection with the loom problem, it is interesting 
to note that many loom sheds have very large horizontal 


Figure 8 
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vibrations. This occurs when a number of looms get in 
phase and the disturbing force is high. The natural 
frequency of the structure in which the looms are housed 
is often in the neighborhood of the loom speed so that a 
condition approaching the resonance peak exists. With 
the advent of increased loom speeds it is probable that in 
marty cases the loom speed will more nearly agree with the 
natural frequency of the structure and the vibration situa- 
tion will be very much worse. 

One of the most troublesome of vibration transmitting 
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machines is the drop hammer. Unisolated drop hammers 
give rise to vibration which are transmitted long distances 
and seriously affect adjoining property owners. To 
isolate a hammer already installed is an expensive job to 
do properly. The machine must be taken down and the 
isolation material installed underneath the foundation 
as in figure 8. 

Placing the isolation material directly under the hammer 
(at A) will result in a loss of hammer efficiency. The 
material must withstand the mass loads of machine and 
foundation, and be capable of long life under the effect 
of the hammer blows. The magnitude of the blow is 
difficult to determine since it depends upon the size of the 
hammer, the drop and the temperature and nature of the 
work. However, on large hammers the impact blow is of 
the order of 2,000,000 pounds. 

Punch presses are serious offenders. The record shown 
in figure 9a is of an unisolated punch press. The film 
speed of this record was 3.5 inches per second. The cali- 
bration of the instrument showed that a displacement of 
the light source of 0.23 inches from its median position 
indicated an acceleration of 10 per cent of gravity. The 
blows occur about every 1.3 seconds. This, however, is 
not the frequency which has to be isolated. The frequency 
of vibration at the impact is of the order of 100 vibrations 
per second. Figure 9) shows the effect of installing isola- 
tion material. 

Machine footings are of all sizes and shapes. The 
loading on the footings cover a wide range. In the use 
of pad materials we can vary the thickness and area of the 


Figure 9b (bottom) 


Figure 9a (top) 


pad to get the desired load-deflection conditions. Further- 
more if the material itself can be manufactured to get 
various load-deflection properties for a given thickness, 
all conditions of loading met within practice can be prop- 
erly treated. 

We have previously talked almost entirely of vertical 
vibrations. These are greater sources of disturbance 
ordinarily than horizontal vibrations. Where horizontal 
vibrations are large, then the isolator must be installed 
with the viewpoint of simultaneously correcting for both 
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vertical and horizontal vibration. This may be accom- 
plished by grooving or slotting the pad in the proper 
direction, as shown in figure 10. 

The pad is placed under the machine so that the direction 
of maximum horizontal vibrations is perpendicular to the 
slots. Various other arrangements of grooving or slotting 
are possible. 

Ship vibrations are exceedingly troublesome. These 
are caused by machinery within the ship and by disturb- 
ances originating at the propeller. Very little has been 


Figure 10 


done in isolating the machinery of a ship. Proper align- 
ment of shafting and the demand for stability during the 
rolling and tossing of the ship are additional demands 
which must be met by the isolation installation. Recent 
work on smaller pleasure cruisers has shown, however, 
that annoying vibrations can be greatly reduced by isola- 
tion of the main motor and a suitable flexible coupling in 
the propeller shaft. 

Any isolation material to be effective allows the machine 
more freedom of motion than an installation with no 
isolation. In advertising one frequently sees charts of 
the vibrations of an isolated machine, compared with the 
vibrations of the surroundings. Such a comparison is 
unfair. The only fair comparison is a record of the vibra- 
tions of the surroundings due to an unisolated machine, 
as compared to an isolated one operating under the same 
conditions. 

Structurally borne noises are a source of disturbance 
frequently found in factories particularly where offices 
are located adjacent to manufacturing operations. Cor- 
rection can be made by isolating the disturbing machines. 
Quite frequently attempt has been made to quiet the 
office by the installation of sound absorbing material on 
the walls or ceilings. These applications do not give the 
desired results. The sound absorbing material is effective 
in correcting air borne disturbances. Those noises which 
are structurally borne are best handled by attacking the 
problem as near the source of disturbance as possible and 
installing proper machine isolation. 
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New Oil-Filled Cable Lines in Chicago 


By HERMAN HALPERIN 


MEMBER AIEE 


Several recent developments in cable, joints, reservoir 
layout, and installation are incorporated in the 4 66-kv 
single-conductor oil-filled underground lines being installed 
in Chicago in 1936-37. The main results are economies 
and simplification. The emergency ratings of the lines 
are 115,000 kva in summer and 135,000 kva in winter. 


Company is installing in Chicago 4 66-kv under- 
ground lines consisting of about 100 miles of single- 
conductor oil-filled cable. A summary of developments 
made in connection with these lines, which have a nominal 
rating of 100,000 kva, is given in this paper. The main 
objectives were to simplify oil-filled cable systems and 
make them adaptable for installation in standard under- 
ground conduits ‘and manholes, and to reduce costs. 
The principal results obtained as compared with pre- 
vious oil-filled cable installations were as follows: 


ye 1936 and 1937 the Commonwealth Edison 


1. Ten or 12 per cent reduction in insulation thicknesses. 

2. Substitution of copper-bearing lead sheath for more expensive 
2 per cent tin sheath. 

3. Smaller, simpler, and more economical stop and feeder joints. 
4. Use of simpler and more economical reservoirs, and development 
of staggered system of oil feed. 


5. Simplified layout, and development of joints and reservoirs 
that could all be installed in standard manholes, instead of requiring 
special manholes or towers. ? 


The changes made during this development work in 
insulation thicknesses, kind of lead sheath, joint design, 
reservoir layout, etc., have been adopted in principle for 
oil-filled cable work in the United States. Employing 
these and other new ideas developed during the past 10 
years, including sheath loss elimination, the cost of an 
oil-filled 132-kv line to have the same carrying capacity as 
the 1926-27 Chicago line! would be only 55 per cent of the 
cost of the actual installation. 


Economics 


These 4 oil-filled lines are additions to a 66-kv system 
which connects 5 generating stations and 2 distribution 
stations, power through transformers being fed in at some 
stations and being taken out at other stations. See 
figure 1. The system is divided into 2 parts throughout 
the city with bus tie switches available at the terminal 
for special use. 

The original 66-kv lines installed in 1926 to 1931 consist 
of 280 miles of 750,000-circular-mil cable of the ordinary 
solid type with 1,000,000-circular-mil cable in the warmer 
conduits, and the carrying capacities in the summer for 
normal and emergency conditions are, respectively, 
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52,500 and 56,000 kva. System growth warranted the 
installation of lines having an emergency rating in the 
middle of the summer of 115,000 kva. As compared to 
the former standard lines, these new lines result in a saving 
of about 25 per cent in cost per kva of carrying capacity 
and in a substantial saving in cost and space for the termi- 
nal facilities. 

Satisfactory cables of both the ordinary and oil-filled 
type were available. Early in 1933, 2,100,000-circular- 
mil segmental-conductor cable of the ordinary type was 
used for a 9,000-foot line between Calumet and State Line 
stations because of a 10 per cent advantage in costs over 
an oil-filled cable installation for the same copper tempera- 
ture. For the 1936-37 lines, oil-filled cable was used 
mainly because of the larger emergency carrying capacity 
and lower annual charges per kilovolt-ampere. Figure 2 
illustrates the 3 main types of 66-kv cable that have been 
used in Chicago. 

From the standpoint of over-all economy as well as 
from the need to avoid overcrowding principal routes for 
conduits between stations, it was desirable to use existing 
conduits for the new lines as much as possible; this has 
been done for 60 per cent of the oil-filled 66-kv cable in- 
stalled. It was necessary to limit the average losses of 
the new lines in order to avoid overheating the existing 
cables in the conduits. This limitation required the use 
of 2,100,000-circular-mil conductors for either the oil- 
filled or the ordinary type of cable in most of the conduits, 
and 2,800,000- or 2,600,000-circular-mil conductors, 
respectively, in the congested conduits near stations. 
Studies and experience with the first line, however, showed 
that with 2,100,000-circular-mil oil-filled cable it was 
possible to allow its temperature to be a few degrees above 
the maximum permissible for cable of the ordinary type. 
As a result, only 4 per cent of the length of 4 lines will 
consist of 2,800,000-circular-mil cable, whereas 15 per 
cent of the length would have had 2,600,000-circular-mil 
conductor if ordinary cable were used. The oil-filled 
cable had a hollow core 0.69 inch in diameter, while the 
ordinary cable considered had a conductor consisting of 
3 segments to obtain reduced copper losses. For the 
emergency ratings of the oil-filled cable, this meant copper 
temperatures in the warmer conduits about 10 degrees 
centigrade below the guaranteed maximum value of 75 
degrees centigrade. 

When the peak loading necessitated by emergency sys- 
tem conditions begins to approach the maximum rating of 


A paper recommended for publication by the AIEE committee on power trans- 
mission and distribution. Manuscript submitted March 29, 1937; released 
for publication April 24, 1937. 


HERMAN HaLPerRIn is in the engineering department of the Commonwealth 
Edison Company, Chicago, Ill.; G. B. SHaNKLIN is in the central station 
department of the General Electric Company, Schenectady, N. Y. 


1. For all numbered references see list at end of paper. 


739 


Figure 1. Underground 
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a line, then an additional line must be installed, in spite 
of the fact that the carrying capacity of the existing line 
under normal conditions may be adequate. The emer- 
gency ratings for the solid type cable were limited not only 
by the maximum allowable specification temperature of 
60 degrees centigrade, but also by operating experience 
which indicated that the use of large temperature ranges 
would create undue internal pressures and sheath expan- 
sion. Based on operating experience and measure- 
ments of internal pressures on 750,000- and 2,100,000- 
circular-mil cables in service, and taking the expected 
normal loading into account, the maximum allowable 
daily range in copper temperature during emergency load- 
ing of the 2,100,000-circular-mil solid-type cable lines 
considered (656 mils of insulation and 156 mils of sheath) 
appeared to be about 15 degrees centigrade in summer and 
17 in winter. With such daily temperature changes, 
it was expected that the internal cable pressures might be 
50 or 75 pounds per square inch, even after a line had been 
in service and had experienced some sheath stretching. 

The emergency rating for the oil-filled cable in the 
summertime was limited by the temperature requirements 
for other cables in the same conduit, while for winter 
conditions it was determined by what was considered the 
limit of possible future requirements. The winter rating 
could have been made larger by the installation of a few 
more reservoirs. 

The relative costs for the 2 types of 2,100,000-circular- 
mil cable, shown in table I, were determined on the basis 
(1) of bid prices obtained in the fall of 1935 for cable and 
accessories and (2) of the experience of the Commonwealth 
Edison Company in installing, maintaining, and loading 
somewhat similar lines. Incidentally, the estimated 
cost of the first line installed differed from the actual cost 
by only 1 per cent. The costs shown include indirect 
or overhead costs such as engineering, storeroom, super- 
intendence, and interest during construction. 
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The total annual charges for the 2 types of cable were | 
almost the same. Due to the higher emergency carrying 
capacities of the oil-filled cable, however, the annual 
charges per kilovolt-ampere of carrying capacity were 
about 9 per cent less for the oil-filled system in summer, 
and 18 per cent less in winter. Oil-filled cable was, 
therefore, selected for the new lines. Later experience 
showed that the saving with oil-filled cable was slightly 
greater than originally expected. 

To figure the fixed charges on the investment, the 
authors used the same rate of depreciation for both types of 
cable, although the use of a lower rate for oil-filled cable 
would have been defensible. The annual charge for 
“maintenance” includes the cost of (a) repairing oil 
leaks, (b) routine inspection of cable in manholes for sheath 
cracks and checking of reservoirs, and (c) the cost of repair- 


ing failures. The assumed rate of failures for oil-filled 


1933 


1926-3] 1936-37 


Figure 2. Changes in 66-kv cables in Chicago 
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1926-31 1933 1936-37 
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Conductor size, circular mils... 750,000. . i -2,100,000. ...2,100,000 
Maximum summer rating, kva... 56,000. . 105,000: .. .) 115,008 


cable was one cable or joint burnout per 100 miles of cable 
per year, with no anticipated failures. 

One factor that was hard to evaluate for solid type 
cable was the effect of its maximum diameters being about 
3.4 and 3.6 inches, respectively, for its 2 sizes. A slight 
amount of conduit used had 3!/2-inch ducts, which would 
not have been usable. Experience showed also that some 
of the standard 4-inch ducts would have had to be rebuilt 
for the 2,100,000-circular-mil cable and probably the 
2,600,000-circular-mil cable could not have been installed 
in most of these ducts. 


Insulation 


The 1934 edition of the AEIC cable specifications 
gives an insulation thickness of 350 mils for oil-filled 
cable having a rating of 69 kv, except that above 2,000,000 
circular mils the cable was to have 25 mils more of insula- || 
tion. The manufacturers first thought that it would be || 
satisfactory to use a thickness of 350 mils for the 2,100,000- || 
circular-mil cable, but that for the 2,800,000-circular-mil | 
cable the extra thickness would be necessary. The | 
thickness used on the only oil-filled 69-kv cable previously | 
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made in this country (in 1930 for Cincinnati) was 406 
mils. After some discussion of American and European 
experience, the thicknesses agreed upon were 315 mils and 
330 mils, respectively, for the 2 Chicago sizes. 

The Commonwealth Edison Company has been making 
periodic measurements of the power factors of 2 short 
oil-filled 132-kv lines put in service early in 1930. The 
insulation thickness is 719 mils. Figure 3 shows that the 
power factors at 15 degrees centigrade and operating volt- 
age have remained practically constant, which indicates 
that the insulation has been quite stable. 

About 8 years ago, this utility installed 4 1,000-foot 
lengths of experimental cable which were tapped to an 


__ overhead 132-kv line and were subjected also to heating by 


rn 
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POWER FACTOR AT 15 DEG C 


The insulation thicknesses 
For 2 years these cables were 


means of current transformers. 
ranged from 386 to 526 mils. 


Each line 0.65 mile 
long 

Note: Readings may 
be in error by as 
much as 0.0003 
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Figure 3. Power factor of the insulation of 2 commercial 


oil-filled 132-kv lines 


subjected to daily load cycles with temperatures as high 
as 75 degrees centigrade. Subsequently, the heating has 
been continuous to temperatures as high as 85 degrees 
centigrade, except that occasionally the cables were 
allowed to cool for power factor measurements. The 


- results of these tests have shown the following: 


(a) The voltage did not appear to cause any deterioration of the 
insulation. The maximum stresses ranged from 188 to 250 volts 
per mil. 


(b) Temperatures up to about 80 degrees centigrade did not appear 
to cause any deterioration of the insulation. 
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(c) The changes which have been observed in some of these cables 
have been of a type that accompanies chemical reactions. If the 
insulating oil becomes oxidized, chemical action with the metals 
may result, causing the oil in the cable to darken in color and to 
increase in power factor, although its dielectric strength remains 
practically unchanged. 


In 1932 it was necessary to remove from a commercial 
line in Chicago 3,000 feet of 132-kv oil-filled cable that had | 
been installed in 1930, because of deterioration of this 
kind resulting from oxidation of the oil. The dielectric 
losses of the cable insulation had increased so much that 
the cable was fully heated when carrying almost no load. 
Although extensive investigations were conducted over a 
period of several years, the origin of this oxidation was not 
discovered other than that it was due either to over- 
heating of the oil or to contamination of the cable, or 
both. 

This experience indicated again the necessity of pre- 
venting overheating of the oil and preventing entrance of 
air into the cable. Now extensive tests of core oil from 
the completed cable at the factory, including a power factor 
or resistance test at 100 degrees centigrade of a sample of 
oil from each length, and tests of oil used in the field, are 
made as a routine procedure. Also, as discussed later, 
special precautions are taken in the field. 

The experience with the experimental cables indicates 
that within limits the thickness of insulation was of little 
or no importance in connection with the chemical action. 
Results of tests of power factor, acidity, etc., obtained on 
samples of core oil removed periodically from the 4 com- 
mercial oil-filled 132-kv lines in Chicago have indicated 
that an initial period of deterioration occurred as a result 
of minute impurities in the installed line; but this core 
oil deterioration has caused no perceptible increase in 
dielectric losses of the cable as a whole. The initial 
reaction of impurities appears to have taken about 2 
years. 

In view of all these considerations and of the suc- 
cessful operation of large amounts of oil-filled cable in 
Chicago and elsewhere, reductions in insulation thick- 
nesses were obviously warranted. The recommended 
thicknesses are now 315 and 560 mils of insulation for 
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Figure 4. Herkolite shell stop and feeder joint for 69-kv hollow-core 2,1 00,000-circular-mil single-conductor oil-filled cable 
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cable rated at 69 and 138 kv, respectively, except that 
slight increases are made for extra-large conductors. 
The indications are that, perhaps, even smaller thick- 
nesses may be used from the standpoint of steady voltages, 
but that further reductions will be retarded by the limita- 
tion of impulse strength of the insulation to withstand 
surges incidental to failures, switching, or lightning. 


Lead Sheath 


Until recently, oil-filled cables in the United States 
were furnished with 2 per cent tin in the lead sheath in 
order that the cable would present a hard surface during 
pulling to minimize abrasion. Improvements in the instal- 
lation of conduit and in the mandreling of ducts to remove 
small pebbles and other obstructions have made a special 
hard surface sheathing unnecessary. 

Research done at the University of Illinois for the 
Utilities Research Commission showed that the rate of 
creep of copper-bearing sheath under tension was usually 
considerably less than the rate of creep of other sheaths 
in normal use including 2 per cent tin-lead sheath. The 
rate of creep is important because oil-filled cables operate 
continuously with positive internal pressures. Copper- 
bearing lead may be obtained without any extra expense 
at present as ASTM grade II lead, or as a mixture of 
highly refined grade I or III lead and about 0.055 per cent 
copper having a pure lead content of at least 99.85 per 
cent. 

It was, therefore, decided to use copper-bearing sheath 
at a saving of almost 5 per cent in the cost of the cable. 

In order to prevent excessive expansion of the sheath 
during the normal life of oil-filled cable, the tensile stress 
on the sheath has been usually limited to 120 or 150 
pounds per square inch, based on the nominal sheath 
thickness. This corresponds to an internal pressure of 12 
or 15 pounds per square inch for the Chicago cables. Im- 
portant improvements have been made in the manufacture 
of cable sheaths during the past few years. Better uni- 
formity in sheath thickness and in exclusion of nonmetallic 
impurities has resulted. It seemed, therefore, especially 
with copper-bearing lead, that it was feasible to increase 
the maximum allowable internal pressure with variable 
pressure reservoirs to 17 pounds per square inch. This 
was particularly safe for the new lines, since the maximum 
operating pressures will usually be 8 or 10 pounds. The 
sheath thicknesses used were 9/4 and 1/¢4 inch, respec- 
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tively, for the 2,100,000- and 2,800,000-circular-mil 
cables. 

Where differences in elevation give a considerable hydro- 
static head of oil within the cable, a double sheath is used, 
having 2 parallel copper ribbons wound between the 2 
sheaths to reinforce it. Such lengths are being installed 
in Chicago in tunnels under the rivers and where the cable 
rises to upper levels in a distributing station. The maxi- 


mum internal pressure in these lengths is 30 pounds. 


Design and Manufacture of Cable 


The design and manufacture of oil-filled cable were || 
rather fully developed by the time the first of these 66-kv_ || 
lines was planned. Consequently, the general process of || 
manufacture did not differ materially from past practice. 
New features introduced were for purposes of further re- | 
ducing cost or giving additional assurance of uniformity | 
and freedom from impurities. The cable was furnished | 
by 4 American manufacturers. 

The conductor design was of the conventional hollow- | 
core type with a supporting spiral of steel strip. The 
reduction in insulation thickness has already been dis- | 
cussed. The inner third (approximate) of the insulation | 
consisted of high-density paper tape. The rest was of | 
paper of more conventional density. Previous study had 
shown these proportions to give a good balance, from both 
a technical and a cost standpoint. The dielectric power 
factor, ionization factor, and time of impregnation treat- 
ment are not appreciably affected, as they would be with 
too much high-density paper; and, in return, there is | 
gain in the way of mechanically stronger foundation tapes 
and increased impulse strength (10 to 15 per cent). 

Thoroughly washed wood-pulp paper was used, and a 
system of testing all paper to assure uniformity and free- 
dom from impurities was followed. Likewise, a system | 
of handling and checking the impregnating oil for uni- | 
formity before and after treatment was closely followed. | 
Such oil was used only once, and any oil exposed to the 
atmosphere or to excessive heat in sealing the cable ends | 
was flushed out and discarded. i 

The final electrical and physical tests to which every | 
reel length is subjected leave little possibility of non- 
uniformity. These tests consist chiefly of dielectric power || 
factor and ionization measurements on finished lengths, | 
chemical, electrical, and physical tests on withdrawn 
samples of core oil, a continuous oil pressure leakage test, | 
and an expulsion test for detection of trapped air. | 

The change to copper-bearing lead sheath and the | 
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factory improvements leading toward a more uniform 
sheath have already been mentioned. Trouble with single- 
wall lead sheath, limited to low working pressure (15 
pounds per square inch), has been almost negligible in the 
past. This, of course, is due to the exact control of pres- 
sure in oil-filled cable. With sheath of improved quality, 
practically entire absence of sheath trouble due to work- 
ing pressure strains may be reasonably expected. 


Design and Manufacture of Accessories 


Some general comments on accessories will be given 
before describing some of them in detail. These high- 
voltage accessories consist of a surprisingly large number 
of parts; and, since most of them must be assembled 
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Figure 6. Operating characteristics of AC reservoirs at one 
feed point 


At this feed point the oil pressure would be 8 pounds per square inch 
when the average cable temperature is 40 degrees centigrade and the 
ambient reservoir temperature is 20 degrees centigrade. At adjacent 
feed points the pressure on the same phase-section would be higher or 
lower, in accordance with the intervening hydrostatic head pressure 


directly in the field, rather than in the factory, it is much 
more difficult than generally supposed to assure that these 
parts will always fit together exactly, in the simplest pos- 
sible way and in minimum time. Perfection of these 
details requires constant close co-operation between the 
manufacturer and user. All of the accessories were fur- 
nished by one American manufacturer, except that some of 
the joints for the later lines were furnished by another 
American manufacturer. 

Normal joints and stop joints, and, in most cases, ter- 
minals require application of reinforcement insulation 
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wrappings in the field. In Europe these wrappings usually 
consist of pretreated paper sheet or tape. In this country 
bias-cut varnished cloth tape has usually been used be- 
cause it is easier to apply, is more economical, and there 
is less chance of absorbing impurities during exposure. 
In the past a vacuum-treated tape made with black as- 
phaltic varnish has been used. This type of varnish is 
slightly soluble in oil and increases the power factor of oil 
exposed to it. While this property is not desirable, it has 
caused no failures in service. 

To overcome this, a new and oil-resistant yellow 
varnished cloth tape was developed and used for the first 
time in the Chicago 66-kv accessories. (All accessories 
were rated at 69 kv.) This new tape also has lower di- 
electric power factor and is mechanically superior. 

One primary requirement was that all joints and reser- 
voirs be sufficiently compact to fit in standard-sized man- 
holes and avoid the inconvenience and expense of manhole 
enlargement. Normal joints of conventional design easily 
met this requirement as the internal diameters were 5 or 
51/2 inches and the lengths were 32 to 34'/, inches. A 
molded or porcelain sheath insulator was incorporated 
directly in the copper casing, with a resultant material 
saving in cost and compactness when compared with 
separate sheath insulators. ; 


Stop and Feed Joints 


HERKOLITE SHELL JOINT 


The ground contour in Chicago is practically flat. It 
played no part in determining the best location for stop 
joints with which a line is segregated into sections, except 
for afew special cases. Other factors, to be described later, 
determined this. The length of section in Chicago is of 
the order of 8,000 feet. Because of pressure drop along 
the cable core and the requirement of keeping maximum 
allowable pressure within the limits of single lead sheath, 
it is necessary to have reservoir feed points at intervals 
of 2,500 to 3,500 feet along the cable. This requires feed 
joints at these points, intermediate to stop joints, for pur- 
poses of connecting the reservoir to the cable core. As 
this same requirement holds for stop joints also, there is 
actually no difference in design but only in method of oil 
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connection. The stop-joint connection definitely shuts 
off oil flow across the joint while the feed-joint connection 
allows this flow by means of a controlled by-pass. These 
joints will be referred to merely as stop joints. 

Prior to the 66-kv Chicago installations, the conventional 
stop-joint design consisted of 2 porcelain shell terminals 
placed end to end on a horizontal axis, connected elec- 
trically together and enclosed in an oil-filled cylindrical 
copper casing. Each shell assembly is similar in internal 
construction and appearance to the usual porcelain cable 
terminal, except that the petticoats are omitted.” A stop 
joint of the porcelain shell design for the 66-kv Chicago 
installations would be 9 inches in internal diameter and 
49 inches in length. This is too large to fit in standard 
manholes and too costly for frequent intermediate feed 
points. The development of a smaller and less costly de- 
sign was an important requirement. 

In designs of this type, Herkolite has decided advan- 
tages over porcelain. It consists of paper laminations im- 
pregnated and cemented together under heat and high 
pressure. It is only recently that the art of constructing 
this material in such shapes as required for stop-joint shells 
has been perfected. It is stronger than porcelain, both 
mechanically and electrically, and can be molded and ma- 
chined to exact dimensions. Another advantage is that 
longitudinal oil-feed channels can be machined on the 
inner surface of the shell, whereas, with porcelain a clear 
annular space of much larger dimensions, and with a cor- 
responding reduction in allowable stressing of the oil gap, 
is necessary. 

Changing to Herkolite shells resulted in a material reduc- 
tion in diameter and length of stop joint. This in turn 
allowed simpler and more compact methods of compressing 
the sealing gaskets at each end of the shell. The result 
has been a stop-joint design retaining the proved rugged- 
ness of the gasketed shell principle but sufficiently com- 
pact for standard-sized manholes and little larger than a 
normal joint. 

Figure 4 shows the new Herkolite shell design. The 
joint dimensions are 5 inches by 40'/2 inches and its internal 
volume is only 25 per cent of that of the old porcelain 
design. Its small size allows the incorporation of a sheath 
insulator in the joint casing, which is another advantage. 

When used as a stop joint, it must have one end hy- 
draulically connected to the central casing enclosure for 
purposes of maintaining oil pressure in this enclosure. If 
oil feed to the cable in one or both directions is desired 
with the stop-joint connection, it is necessary to connect 
separate reservoirs to one or both ends of the joint. When 
used as an intermediate feed joint, both ends and the cen- 
tral enclosure are connected to a common reservoir. 

In the past, the latter connections consisted of short 
sections of external by-pass piping with necessary fittings 
and control valves. This method of connection was fol- 
lowed for the joints developed for the first Chicago 66-kv 
installation. Further study showed, however, a more eco- 
nomical and better mechanical assembly could be realized 
by incorporating the by-pass connections directly in the 
joint casing, as illustrated in figure 4. Oil passages con- 
nect the end enclosure to the central enclosure at both 
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ends of the joint. The passages can be shut off or left — 
open at will by means of threaded, gasketed plugs, as 
shown. 


CONDENSER JOINT 


The condenser principle of controlling longitudinal and 
radial stresses in electrical designs is well known. It con- 
sists of intermediate electrodes, usually sheets or strips 
of metal foil, incorporated in the main body of insulation 
and resulting in a series of small capacities that divide the 
electrical stress, with a resulting reduction in dimensions. 
The condenser principle lends itself to stop-joint design, 
and the details of earlier developments have been de- 
scribed. The condenser unit, representing the main 
insulation, of the joint, is factory made and materially 
reduces the field application of insulation wrappings. 

The condenser joint designed for the 66-kv system in 
Chicago meets the main requirement of fitting in stand- 
ard-sized manholes. It is 5*/g inches in internal diameter 
and 427/s inches long. This makes it much smaller than 
previous similar designs. A porcelain sheath insulator is 
incorporated in the casing by the method of metal-to- 
porcelain soldering. The oil stop tubes used in the 
earlier design of joint were eliminated and the oil stop was 
obtained at the center of the joint by means of an oil- 
resistant rubber gasket between the connector and the 
metal tube forming the central inner surface of the con- 
denser unit; the rest of this inner surface is of insulation. 
Two spring valves in the connector, one on each side of the 
oil-stop gasket, control the oil passages between the cores 
of the 2 cable ends and the 2 halves of the joint. The 
valves are manipulated during joint construction by 
treated cloth ribbons threaded along the oil-feed space to 
levers directly under plug openings in the ends of the joint 
casings; and the ribbons have no function during service 
as the valves are then open. Passages for by-passing the 
oil-stop are incorporated in the joint assembly. 

The condenser stop-joint design requires more straight 
cable in the manhole and more care in assembly than the 
Herkolite shell design, and requires less time for assembly. 


Reservoir Feed System 


Considerable time and expense has been given to the 
possibility of developing new and more economical designs 
of oil reservoirs. So far, the cell-type reservoir, consisting 
of a stack of individual cells with corrugated metal dia- 
phragms enclosed in a cylindrical tank, has proved the best. 
There are 3 modifications of the cell-type reservoir avail- 
able, all of which are described elsewhere‘ in detail. 

The type CC gravity-feed reservoir has all cells con- 
nected to a common manifold, with the cells filled with 
oil. The enclosing tank is open to the atmosphere through 
a breather. It is, consequently, necessary to elevate this 
reservoir to obtain pressure feed to the cable. On level 
ground such as exists in Chicago, this involves expensive 
feed towers.' In the present 66-kv Chicago system, 
type CC reservoirs are used only at the vertical terminal 
ends where the desired elevation is already available on 
the switching structure. 
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The type DC balanced-pressure reservoir is similar to 
the type CC except that the enclosing tank has extra 
length and is sealed full of gas. The gas pressure may be 
adjusted as desired, and so it is not necessary to elevate 
this type of reservoir. Rather exact control of the oil 
feed can be obtained even with reservoirs at different ele- 
vations.*® In making the type DC reservoir, there is a 
great deal of brazing and other hand work in paralleling 
‘the cells to the manifold, which increases cost. 
The type AC reservoir has a simpler and more economi- 
cal cell arrangement. The cells are individually sealed off 
full of air at atmospheric pressure by automatic welding. 
Elimination of manifold connections materially reduces 
hand work and cost. The oil is in the enclosing tank in- 
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stead of the cells. The pressure on the oil is obtained by 
forcing in enough oil to compress the air cells, and for this 
reason is not under complete control. Unlike the type 
DC reservoir, a relatively high oil pressure cannot be ob- 
tained when the reservoir is nearly empty, or a relatively 
low pressure when the reservoir is nearly full. The 
maximum safe operating pressure is about the same as the 
limit dictated by the strength of the sheath, ie., 15 

pounds per square inch. 
In spite of its simplicity, the type AC reservoir is not so 


- economical as the type DC on hilly contour because the 


J 


hydrostatic head pressure on the reservoirs at low eleva- 
tions causes them to become partly filled with oil, thus 
wasting much of the capacity. With type DC reservoirs, 


- it is only necessary to pump up the gas pressure to avoid 


this. 
On reasonably level contour, as in Chicago, a material 


saving may be realized by using type AC reservoirs, even 
though the efficiency is rather low. The ratio of useful 
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to total capacity of the AC reservoirs in Chicago is 50 per 
cent. 

This means that about twice as much manhole space is 
required for the AC reservoirs as for corresponding DC 
reservoirs. In the past it has been customary to install DC 
reservoirs for all 3 phases of single-conductor cable in the 
same manhole. There is not room to do this with AC 
reservoirs without having a great number of feed points, 
and so a staggered feed system has been adopted. The 
reservoirs and the feeder joint for one phase are installed 
in a given manhole with those for the other 2 phases in 
usually the next manhole on each side. This method 
gives ample space with standard-sized manholes and results 
in economy in the use of feeder joints. Figure 5 illustrates 
diagrammatically some typical arrangements of stop 
joints, intermediate feeder joints, and reservoirs for vari- 
ous lengths of line sections used in Chicago. 

From 2to 4 9-gallon type AC reservoir units were con- 
nected in parallel at each feed point, depending upon 
the ground contour and the length of cable to be fed. 
In each section the total useful reservoir capacity was 
calculated to take care of the thermal expansion of the 
oil in the cable and accessories over the full annual tem- 
perature range, and without exceeding an allowable pres- 
sure range for the cable and reservoirs. Thirty per cent 
or more surplus reservoir capacity was added to the 
cable oil requirement for emergency use. The pressure 
limits were 0.5 pound per square inch above atmospheric 
pressure at the highest point of the section with all sur- 
plus exhausted and 17 pounds at the lowest point in the 
cable at maximum load temperature. In addition, it was 
necessary to make sure that the available reservoir pres- 
sure was sufficient to take care of maximum pressure drop 
in oil piping connections and along the cable core under 
all conditions of oil demand by the cable and accessories,” 
due both to temperature changes and exchange of oil 
between reservoirs caused by the semibalanced system of 
feed adopted. 

Semibalanced pressure feed of the type just described 
makes the calculation of reservoir settings as a function of 
cable temperature more difficult and complicated than 
balanced pressure feed. The general mathematical for- 
mulas involved have been published,*® but yet it is neces- 
sary also to resort to a cut-and-try method. 

As previously explained, the reservoir oil pressure is 
practically equal to the gas pressure in the cells. This 
means that the ambient temperature of the reservoir af- 
fects the pressure. The complete pressure-volume-tem- 
perature characteristic of the 9-gallon AC reservoir is 
shown in figure 6 (curves slanting upward to right). Us- 
ing this characteristic, oil pressures and corresponding oil 
volumes satisfying the following conditions are determined 
(by cut-and-try): 

1. The total volume of oil in all the reservoirs on a phase of a line 
section at a given cable temperature must be in accordance with 
the calculated thermal expansion of the cable and accessories at that 
temperature. 

2. The corresponding pressures in each group of reservoirs must 
lie within the allowable range, and the differences in pressure 


between reservoir groups must be equal to the hydrostatic pressures 
due to the differences in elevation. 
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After a sufficient number of such points has been de- 
termined, they are plotted on the reservoir characteristic, 
and points for equal cable temperature are connected by 
the vertical cross-lines shown in figure 6. One of these 
graphs is prepared for each feed point along the line. With 
the help of these, it is easy to determine the correct reser- 
voir pressure for all stable conditions of cable and reservoir 
temperature. A short circuit heat run on the first Craw- 
ford-Humboldt line showed the calculated reservoir 
pressures to agree closely with the actual. 


Oil Relay Protection 


Oil-filled cable furnishes an opportunity that usually 
does not exist with solid-type cable to detect leaks in the 
system, by means of oil relays, before electrical service 
failures develop from entrance of impurities. Such leaks 
as slight defects in the sheath, pipe fittings, or lead wipes, 
may be slow and require weeks to exhaust the reservoirs. 
Practically all of the leaks that have developed in previous 
oil-filled lines have been of this type. As long as the 
reservoirs are not exhausted, positive pressure is main- 
tained and leakage of oil outward prevents entrance of 
impurities. Fast leaks may be caused by electrical failure 
or direct mechanical rupture of oil piping. Such fast 
leaks may exhaust the reservoirs in from 1 to 4 hours, de- 
pending upon restrictions offered and oil viscosity, and 
require a well-organized emergency repair system to pre- 
vent such exhaustion. 

Regardless of the type of leak that develops, it is ob- 
viously desirable that the station operator learn of it as 
soon as possible. Relays set for minimum oil reservoir 
volume or pressure are necessarily slow in action, the 
reservoirs being fairly well exhausted before an alarm 


Figure 8. Trailer over manhole during jointing 
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comes into the station. With 3-conductor cable, minimum| 
setting relays are the only type that are economically ac-| 
ceptable. For gravity feed with single-conductor cable, 
differential-volume relays are fast and satisfactory. For} 
single-conductor cable with balanced or semibalanced pres-| 
sure reservoir feed, fast relay action is obtained by utilizing) 
differential oil pressure between phases. 

Under normal balanced load conditions, the oil pressure} 
in the different phases varies in the same way at any given} 
point in a section. In case of oil leakage, the pressure de-| 
creases in the faulty section. The possibility of pressure} 
in all 3 phases decreasing at exactly the same rate due to} 
leakage is so remote that differential pressure between| 
phases furnishes a reliable way of obtaining fast oil-relay| 


) 
action. It was necessary, however, to devise a phase} 
differential relay that would do 2 things. 


First, means) 
had to be found for compensating for differences in hydro-}| 
static head pressure between different phases or at dif-| 
ferent points in any one section, caused by differences inj 
elevation. Second, the reservoir pressure normally varies}| 


one pound to 15 pounds. A differential setting of a smallll 
fraction of one pound would be necessary to properly take} 
care of no load conditions, but this same setting would be 
too sensitive and lead to false alarms under full load con-+ 
ditions. What was desired was a differential relay having} 
an operating differential pressure that would increase 
proportionately with the line oil pressure. 

Both of these things are accomplished in the design 
shown diagrammatically in figure 7, first used in the 66-kvj 
Chicago system. The relay consists essentially of 2 small 
opposing sylphon bellows having predetermined dif-j 
ferences of area (the smaller has 25 per cent less area tha i 
the larger). Each opposing bellows is connected by oil 
piping to cable or reservoirs in different phases. At anyy 
point in the working pressure range the oil pressure in the | 
large bellows must drop 25 per cent below the oil pressur 
in the small bellows to actuate the mercury switch shown : 


This switch is connected through relay wiring to any de-} 


sired type of alarm system at the station. By connectin | 
3 pairs of opposing bellows as shown in figure 7, not only 
will the relay operate if the pressure in any phase drops) 
25 per cent below that in the other 2 phases, but it will alsa 
operate if there is a 33 per cent increase in any phase, thd 
operation in this latter case being reversed. 

Since the compensating spring across each of the largej 
bellows may be adjusted to compensate for and nullify 
hydrostatic head pressure, the relay is actuated entirely) 
by variable working pressure, or rather by a constant! 


percentage differential pressure within this working ranges 


i 


Bonding of Sheaths 


With such large lines, the ratio of sheath losses to coppet 
losses in case the sheaths are solidly bonded together would! 
be about 225 per cent. Since experience showed that 
satisfactory insulating sleeves and methods of bonding! 
had been developed to eliminate sheath losses, they werd 


used. 
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_ somewhat less if based on emergency winter loads. 
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Pees % 


shell-type feeder joint in lower position. 


Figure9. Acces- 
sories installed in 
manhole 


Lower center—Two normal joints in upper position and Herkolite 
Note sheath insulators in 
joint casings and porcelain insulators under cables 


_Top—fFour type AC 9-gallon reservoirs connected to feeder joint; 


reservoirs are placed with valves accessible from manhole opening 


Upper center—Two bonding transformers, one connected on each side 


~ Note: 


ws 


of sheath insulators in joint casings 


Cable and joints are fireproofed before line goes in service 


Operating experience in Chicago indicated that for 
normal maximum loads of about 95,000 kva, the maximum 
allowable induced sheath voltage to ground from the 
standpoint of avoiding a-c electrolytic corrosion was about 
11 volts. For emergency loading, the corresponding po- 
tential is about 15 volts. If the ordinary schemes of bond- 
ing were used, such as cross-bonding, then the maximum 


allowable length of cable between insulating sleeves 


would be about 320 feet based on normal loading, and 
AB 
use of sheath bonding transformers® to reduce the voltage 


_to ground to about 50 per cent of the induced voltage 


between insulating sleeves made it possible to use conduit 
sections up to 615 feet. During emergencies, the induced 
voltage from sheath to ground is about 16 volts, but the 
flow of exciting current through the sheath and bonding 
transformers reduces this potential to 15 volts with negligi- 
ble sheath losses. 

Cable lengths of the order of 615 feet are satisfactory 
also from the standpoint of allowable cable movement 
because during normal loading the daily cable movement 


at a duct mouth would be 0.4 to 0.55 inch and during 


‘in other-cables in the same conduits. 


emergencies the movement would be 1 to 11/4 inches. 


Chicago experience indicates that movements 40 or 50 


per cent larger would be safe from the standpoint of ob- 
taining long life of the sheath in the manhole without 
cracking. 

The 3 phases of the lines had to be transposed frequently 
in order to minimize the induction of voltages and currents 
The piping from the 
reservoirs was connected to the joints through pipe in- 
sulators. On end laterals, the practice was to ground the 


_ potheads and to have an insulating sleeve in the first joint. 


| June 1937 


Installation 


Theory and experience have indicated that special care 
must be exercised, not only in the factory but also during 
installation and operation, to avoid the ingress of impuri- 
ties in oil-filled cable. In view of this situation, and the 
need for considerable engineering work on development of 
suitable accessories and on the reservoir layout system, it 
was found desirable to have more engineers employed in 
connection with the new lines than would have been the 
case with cable of the ordinary type. Such engineers also 
follow the work continuously during installation and are of 
considerable assistance to the field force. 

The installation of the various types of joints requires 
in each case more than the usual working day of 8 hours. 
As a matter of efficiency in the use of equipment and man 
power, a new method of underground work was developed, 
that is, to construct in series all 3 joints and related work 
in a manhole on a continuous basis. In the 1937 work; 2 
field crews each comprising 3 gangs and substitutes worked 
continuously 7 days a week, night and day, doing manhole 
work. By this means, the overtime payroll is kept down 
to a negligible amount and the efficiency of supervisors 
and splicers is not impaired by long working hours. 
Another advantage is that practically all the work in a 
manhole is completed in one set-up with a substantial 
saving in transportation and labor costs. 

A further improvement adopted is the use of 2 specially 
built trailers. The trailer is set over a manhole opening, 
access to which is provided by means of an opening in the 
floor. This arrangement provides increased protection 
for the men against inclement weather and traffic hazards, 
in addition to keeping moisture and dirt from entering the 
manhole. See figure 8. Gasoline-engine-driven generators 
were used for power supply for equipment such as oil 
heater, water pump, air blower, and vacuum pump. Ex- 
cellent lighting, which is conducive to good workmanship 
and a minimum of fatigue, was also provided thereby. 

The following items briefly outline checks or procedures 
in the field to carry out the principle of preventing the 
ingress of impurities in the lines: 


1. A final expulsion test and pressure check are made on each 
reel of cable immediately before installation. 


2. The oil pressure in temporary reservoirs is frequently checked 
to make sure that the cable is under positive pressure and adequate 
oil supply is available for the flushing during jointing. 


3. Care is taken during the installation to maintain the cable oil 
pressure above atmospheric pressure at all times. Only 2 short- 
time exceptions to this rule are permissible, namely: 

(a) At the end of the time of installing the cable in the duct, when 
the source of oil feed to the cable is transferred from the reel reservoir 
to the temporary reservoir in the manhole. 


(b) On soldering the connectors onto the conductors. 


4. Vacuum tests are made on each completed joint prior to final 
filling with degasified oil. 


5. The application of vacuum is always localized, i.e., the principle 
of not subjecting a cable length to vacuum in the field is followed. 


6. Flow checks are made shortly after completion of each line 
section in order to determine the presence, if any, of partial or 
complete restrictions to oil flow in the joints or in the connecting 
piping. 
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7. Impregnation checks are made shortly after completion of joint 
work on each section, as an over-all check on the presence of air. 


Tests and procedures used in the field designed to pre- 
vent the use of contaminated or overheated oil are as 
follows: 


1. All degasified oil used in constructing the joints, filling the 
temporary oil reservoirs, and for additions to the permanent reser- 
voirs is treated in Chicago. Such oil is the same as that furnished 
in cable and in reservoirs. Each lot of treated oil is required to 
meet the following requirements: 


Limiting Values 


Item Temperature Maximum Minimum 
Power factor—per'cent....4...-.....100 deg ©... 0.50 
Resistivity —ohms per Cm?onas.....5:5.4 LOO: deg Ce... cee cece se eete eee 15 X 1012 
Gas content—per cent..............Room........ 1.0* 
Dielectric strength.....0...6.05. 50005 ROOM ere ene eS arenes Oke 25 kv 1 min. 
Colowenitii ben wensrcmters corer senye ie oe Seo ter relere aol ena aire 11/2 minus 
Organic acidity—mg KOH /g....000. 0.20.02. s0000 0.020 


* Reduce to 0 degrees centigrade and 76 centimeters mercury. 


2. The maximum temperature to which the oil is subjected in the 
degasifying plant is 100 degrees centigrade. 


3. After each soldering operation during installation of joint con- 
nectors, oil is drained from the cable to remove overheated oil and 
residual flux. 


4. Dried oil used for flushing purposes during the construction of 
joints is heated by indirect means to 110-125 degrees centigrade. 
The supply of heated oil is changed daily and the tank is cleaned 
frequently. 


5. The principle of not soldering accessories or piping containing 
oil that could thereby be overheated is followed. 


6. Hot flushing oil is admitted to the joint casings after wiping 
and before proceeding with the vacuum and filling treatment. 


7. All piping is swabbed, flushed, and temporarily sealed prepara- 
tory to installation. Wherever possible, the piping is vacuum 
treated and filled with oil at the time the joints are treated. . When 
this cannot be done, the tubing is treated and filled separately and 
then joined to the filled joint with oil flowing out of the fittings to 
preclude entrance of air or moisture. 


A view of completed construction work, excepting fire4 
proofing, in a manhole is shown in figure 9. 

Before the installation of the 1936 line was considered) 
completed, a thorough load test at reduced voltage wag 
made. One purpose of the load test was to heat the ling 
and distribute any traces of moisture that might have en} 
tered the joints or oil system. Records of load currents) 
conductor temperatures, oil volumes and pressures ir} 
reservoirs, induced sheath voltages, cable movement, and 
performance of oil-pressure signal system equipment were 
obtained. The results were satisfactory, inasmuch as the 
performance under load agreed closely with the calcula}: 
tions on which the line design was based. ' 

When the load test was made on the 1936 line, other 
future lines of the same type were under consideration anc} 
it was felt desirable to check thoroughly the many new 
developments incorporated in the line. Such was nof 
considered necessary for the 1937 installations. In general} 
it appears probable that, for future oil-filled lines, specia 
heat runs will be unnecessary. 

The installation tests of 140 or 150 kv direct current fo i 
15 minutes were made with the permanently installe 
kenotrons of the utility. | 
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Italian State Railway Acquires New Electric Trains 


1 ee first of several new electric trains, being constructed by Societa 

Breda for the Italian State Railway system, recently was placed in 
service. Said to be capable of attaining a maximum speed of 180 
kilometers (about 112 miles) per hour, the train consists of 3 inter- 
communicating cars resting on 4 2-axle carriages, is 62.5 meters 
long, has a maximum breadth of 2.92 meters, and weighs 100 tons. 
The motive power is supplied by 6 3,000-volt series-wound d-c 
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Two motors ar} 
mounted on each of the end carriages, and each of the middle cart 


motors with a total rating of 1,200 horsepower. 


riages carries one motor. Air braking is used. Each of the 3 ca l 
is air conditioned; the middle car contains a single first-class saloi 
with 35 seats, and the end cars contain second-class compartmen i 
with seating accommodations for 59 passengers. The kitchens arth 


in one end car, and the baggage and mail compartments in the other . 
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Insulation Strength of Transformers 


Purpose 


HIS PAPER is presented to review the work of the 
transformer subcommittee in setting up standards for 
the insulation strength of transformers. An effort 
will be made to present the steps in the development of 
the insulation co-ordination problem in regard to trans- 
‘formers and to clarify certain points on which misunder- 
standings have arisen. The present insulation strength 
standards and tests will be given so that the margin be- 
tween the protective level and insulation strength as dem- 
onstrated by test may be given proper consideration. 

As the transformer subcommittee has before it a pro- 
posal for changes in standards necessary for the use of kilo- 
volts as the basis for impluse tests instead of the use of 

_the spacing of the test (rod) gaps, these proposals will also 
be given. 


General 


Transformers have an impulse insulation strength as ac- 
tually demonstrated by the standard insulation tests, and 
an ultimate breakdown strength somewhat higher. The 
margin between the demonstrated strength and the ulti- 
mate breakdown strength represents the safety factor 
which is provided by the designer. Logically, only the 
strength as demonstrated by test should be used in the 
application and co-ordination of transformers. In the 
operation of the transformers, a reasonable margin between 
the tested strength of the transformer and the protective 
level should be established and maintained as an addi- 
tional safety factor in view of unpredictable conditions. 
_ The insulation strength of transformers may be consid- 
ered from 2 points: the 60-cycle strength and the impulse 
strength. The 60-cycle strength determines the ability of 
a transformer to withstand continuous 60-cycle voltages, 
most switching surges, and arcing ground overvoltages. 
The impulse strength is that strength which resists light- 
ning overvoltages and the higher switching surges. Initi- 
ally the insulation was determined by 60-cycle tests as a 
measure of ability to withstand all normal service require- 
ments but as experience was gained more attention was 
given to the impulse strength. The present 60-cycle insula- 
tion test level has been in existence for some time and ap- 
pears to have been adequate. 

Before the present knowledge with regard to lightning 
and transformer insulation properties was obtained ex- 
perience was the only guide. In the development of trans- 
| former insulation to withstand lightning overvoltages, 


A report of the transformer subcommittee of the AIEE committee on electrical 

machinery compiled by J. E. Clem and A. C. Monteith; recommended for pub- 

‘lication by the AIEE committees on power transmission and distribution, 
protective devices, and electrical machinery. Manuscript submitted March 20, 
1937; released for publication April 24, 1937. 


| Personnel of transformer subcommittee of AIEE committee on electrical 
‘machinery: I. W. Gross, chairman; J. E. Clem, secretary; E.S. Bundy, L. H. 
: Hill, V. M. Montsinger, A. C. Monteith, J. R. North, M. S. Oldacre, H. B. 
Scholz, and F. J. Vogel. 
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changes in design were made where experience indicated it 
was necessary. Accordingly, when sufficient knowledge of 
lightning overvoltages and transformer insulation proper- 
ties were obtained insulation levels and the corresponding 
insulation tests could be intelligently set up. The 60-cycle 
test has been retained and an impulse test has been added 
as a means of demonstrating impulse strength of the trans- 
former. 


Historical 


The standards for insulation tests have had a varied 
history. The first insulation standards were adopted 
June 26, 1899, and were as follows, as applicable to trans- 
formers: 


38. The following voltages are recommended for apparatus not 
including transmission lines or switchboards 


Rated Terminal Voltage Capacity, Kilowatts Testing Voltage 


Notiexceeding’ 400. 2. wives cle ete se Da ere Oy emcee ees 1,000 
Notiexceeding 40077..44 sn aoa ei Onan 'overscr ot nenae 1,500 
400 and over, but less than 800......... Under ec scanyercnter 1,500 
400 and over, but less than 800......... LOvandvov.eteiarrat yaczists 2000 
800 and over, but less than 1,200........ ANY SG Rite on oe dee 3,500 
1,200 and over, but less than 2,500...... ASV oa. cine RO 5,000 
2;500 and (OVEr acon aera ee meter ce Any.............(Double the normal 


rated voltages) 


Modifications were made from time to time during the 
intervening years until the present insulation standards for 
the low frequency tests were issued May 1930. These are 
essentially as given below: 


Dielectric Test 


13-400 Standard Test Voltage to Be Applied Between Windings 
and Between Windings and Ground. Transformers and other 
induction apparatus, except as listed below, shall be tested by 
applying between each winding successively and ground an alter- 
nating voltage from an external source of twice the rated voltage 
of the circuit to which the winding under test is to be connected 
plus 1,000 volts. All other electric circuits and metal parts shall 
be grounded during this test. 


13-401 Standard Test Voltage Between Turns to Be Induced in 
the Windings. Transformers and other induction apparatus, 
except as listed below, shall, in addition to the tests provided in 
13-400, be tested by applying between the terminals of one winding 
a voltage of twice the normal voltage developed in that winding, 
corresponding voltages being induced in the free windings. 


Exceptions: 


(n) Transformers with graded insulation: Transformers, if for 
use on circuits of 66,000 volts and above, and having windings 
directly and permanently grounded and designed to take advantage 
of the fact that the neutral or other point of the circuit is to be 
directly and permanently grounded,* shall be tested by induced 
voltage with connections so made that the ungrounded or line 


* A circuit shall be considered directly grounded when transformer connections 
and characteristics are such that not less than twice the combined rated line 
currents from the bank or banks of transformers supplying the circuit will flow 
to ground when a line is grounded at a terminal of any of the transformers 
supplying the circuit. 
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Table |. Progress of Requirements for Impulse Strength* of Transformers 


November 1930 December 1932 


January 1933 


== or 


January 1937 


December 1934 


Limit of 
Rated Trans. No. of Impulse Co-ordination Impulse Test Impulse Test Impulse Test Impulse 
Voltage Line Flashover Gap Spacing Flashover Gap Spacing Flashover Gap Spacing Flashover Gap Spacing Flashover 

(Kv) Insulators (Kv) (Inches) (Kv) (Inches) (Kv) (Inches) (Ky) (Inches) (Ky) 
he Rene tT rity roo Care ena eee e ATA CICK or cont er Kinks tect ete On od biktaj Hoa me Goto ae O'S Seine Byer AaB 0:8. ic eee 32 
Bes Bb isicouistinigas le saya sires obel ai'erteimmriailahiwiraulae ance steer ay-e¥o\cayervel aire ove ne tey/elieive yay cuclen carmieyin -avalcethella eat alia) se te eeaWiemes elle a vetetceg nt eoietadiciia re alta oie cota fete ue it si sce 1.6 ccsceeeene 53 

Bs Dire iirohets seeda pe ee See aes core otra ech renciicdla So hcniabite cai teek th catear aT atoney rete oma D125 Noe GE erro cunces Didier Perey ee ot eat hieeKaotors 2.2500 See 63 
Fy a AR ENE HORA er NLT MER aenly ys tS ine soon Serco Omi o Sd ROA nn od Oo Sh cick SPS ane oe 80. 3.365 500 80 
D5 On geettnan cel towebsicoes 5 Ghvas caer aiebelasereioret acs ADB iis exativess ake DD overs ola diets (OS 6 saete LOD Ss docsrnomet 4B ee es Re LOO emanie 4.5 eee 100 
DLO eerie omic de ree seston te rare acon tats ERIC TS OZone U2 8 pce easier TOO terorciers ts 4 seeiscns coe 6.95 Te ae 140 Feo eae 7 Wigs tice 150 
SY Pe Tame aS cf OEE GORI S RRs wr. CS Oa AT O25 sieee aces 180. se uae eee LOSZ5 races 190. L032 aeons LOO 24 seaeake 10.2... eee 190 
AGO iets occas croecieaicl Gaderer core 12.25. 228) xe.sieenedeas UR Yat aan dloueneo ZOO vrata wanteemate 13.5 250 cee eters 1315. Aamo 250 
COLO nea aan 4 440 Veeatrowion US 87S tlatuse se 35 Dera 20.5 SOL eee ces PA UN ieee srt de 360. 20/6 ener 360 
92! ter reeciene ate 6 GAO eerie 25: On erarcnr acer CRU rere QTD ahs eee ATO ines 27.5 470 nae ee 27:55 seen 470 
MUD IO sem setae if 695. eyes LD yea cel pncents 525 Bate faierAOL. € Oicterare tn rensrers 570. OSGi cet ae STO. ctype 34:7 ).7 oe 570 
138: Oneereroorss 8 (SOSA OS LO Nae rere G25. crete 42) Oa rraterctee 680 vsnesetes 420 ee ears 680) eee ie 4D Nae 680 
GUO) oepecrerenone 10 O45 i caw ss BB rene ate athe T20 van eciete 490 sere bOOcE ate 49) Ovaseteete 7. C90). Re oer eteee 49:0).23 eee 790 
196.0 pt. 1,105. S545 ao csrerorae SOOM charters GOL0 ates ome O50 Nee eee GOO aero O50 Rae aera 60/027. eee 950 
LS OO ae cies 14, 1,265 O40, chee Bae tors As OOO erostettzexs COLD Taetteaate eee 1,100. OSA Fee fore L100 eee 10:4... Geet 1,100 
OAS el Te eee ERS CeO OP RTARTA OR RCI RG ica EP ES Cott OCI LOBE ols Sree eo a bee oc S80. eee ES Te Otc am b 88/02 1,360 
SAS Ope oes Me coc ov Ss chin Lotte are. Ian T sat aT ere uh oes oak Fay tccay kell eb Oya beer eae fe suis hah sy orteteweyveraive jerotananeectenas oteicaran orotate rameom auch 105.6: 22e ee. 1,620 105:6;..\37e 1,620 


* Flashover voltages lifted in table are present day values and are crest of 1!/2 x 40 microsecond impulse wave with flashover on wave tail (minimum wave to produc | 


flashover of square cut rod gap). 


terminals shall receive test voltage to ground not less than 2.73 
times the normal voltage developed by the winding, plus 1,000 volts. 

If testing circuit conditions are such that the induced voltage 
test just specified does not at the same time produce between 
adjacent 3-phase line terminals twice the related voltage of the 
circuit, additional test with the same or other circuit connections 
sball be made to produce this voltage between line terminals; i.e., 
twice the rated circuit voltage. 

Transformers having graded insulation shall be so marked. 


Some time prior to the 1930 revision it was realized that 
it was necessary to supplement the low-frequency test with 
an additional test to insure that transformers were insu- 
lated more in proportion to the overvoltages to which they 
might be subjected. In some cases line insulation was in- 
creased to reduce lightning outages. It was becoming more 
and more recognized that the most important source of the 
damaging overvoltages was lightning and that some effort 
should be made to correlate the insulation strength with 
the lightning overvoltages. Considerable discussion on 
this problem took place in the transformer subcommittee 
and a series of reports have been issued from time to time, 
the essential features of which are given in table I and dis- 
cussed in the following paragraphs. 

In November 1930?! the first report was issued in which 
it was required that 


Apparatus conforming with the standards of dielectric test should 
be so designed that their impulse strength against lightning is 
greater than the impulse flashover voltage to earth of nonshielded 
suspension type insulators... . 


and it was also proposed that no line entering the station 
have insulation exceeding these values for half a mile 
from the station. 

The manufacturers tried to design to these levels but in 
as much as there was no established testing procedure, it 
is not possible to know whether they were successful. 

This was the first effort at what for a long time has been 
called ‘‘co-ordination of transformer insulation.’”’ The use 
of insulators as the basis of comparison did not last very 


31. For all numbered references see list at end of paper. 
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long for many reasons, the most important being the ob4 
vious disadvantage of the large and inflexible steps and the 
fact that the proposed reduction of the last half mile off 
line insulation to these values was not generally adopted 

In December 1932?! a revision was published in which 
the impulse strength against lightning was given in terms of 
the spacing of a rod (co-ordination) gap of specified con 
struction and the tabulation was extended to include the 
15-kv circuit. 

The previous proposal of November 1930 balanced the 
transformer insulation strengths against a specified numbe# 
of line insulators in half a mile of line adjacent to the sta’ 
tion while the revision of December 1932 balanced i*! 
against the “co-ordination gap.’ It was thought if ond 
flashover point was established where the lines entered tha! 
station instead of 3 or 4 spaced one half a mile out that the 
single gap should be about 10 per cent less in flashove# 
value to establish the same level on account of attenuation} 
Consequently, the spacing of co-ordination gap was se+: 
lected to give about 10 per cent less flashover than the lin i 


insulators. However, in comparing the impulse flashove) 
values in table I it should be remembered that the nummer 
cal values on which the comparison was made then wa¢ 
not the same as those used today. 

The transformer subcommittee continued its studied) 
and in January 1933 presented" a tentative test code. In 
this test code the use of the term ‘“‘co-ordination gap” wa! 
definitely abandoned as a means of expressing transforme! 
insulation strength. The use of test gaps at 110 pe} 
cent of the co-ordination gap spacing was introduced, thd 
tabulation was extended to include the 4,600-volt class, ¢/ 
standard test wave was established, and a schedule of { 
tests adopted. These tests are as follows: |: 


Tests TO BE APPLIED 
Each terminal of the transformer to be tested should be tester 
with waves of positive polarity having respectively: 


1, A voltage not more than 10 per cent less than the minimum impulse voltage 
permitted by the specified test gap directly connected to ground, 
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2. A voltage just sufficient to flashover the specified test gap directly con- 
nected to ground. 


3. A crest voltage at least 10 per cent greater than the minimum flashover 
voltage of the test gap directly connected to ground. 


4. A voltage of sufficient magnitude to flashover the bushing. 
5. A voltage as great as that specified in number 3 or 4, but with the means 
for maintaining the excitation voltage across all parts of the winding. 

In December 1934° the number of impulse tests was re- 
duced from 5 to 3 and the tabulation was extended up to 
345 kv and down to 1.2 kv. A slight modification of the 
impulse test gap spacings, and a change in the low-fre- 
quency test voltage for transformer ratings 23 kv and be- 

~ low were also reported. 

At this time a standard bushing level was considered. 

_ The values adopted were 15 per cent above the co-ordinating 
gap for distribution transformers. The power transformer 

_ bushings 69 kv and above followed the values, but on ac- 
count of past practice with power transformers in the lower 
voltage classes, it was felt that the bushing should have a 
higher level and values essentially those of table III were 
adopted. 

In January 1937? some slight changes were reported. 

These changes consisted in the correlation of circuit volt- 
ages with corresponding maximum apparatus voltage 
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ratings and the conclusion of the low-frequency test voltage 
in the tabulation. The wording of the 3 impulse tests were 
_ changed slightly to read as follows: 


- IMPULSE TESTS 


(a) Apply a wave just sufficient to cause flashover of the specified 
test gap under existing conditions of humidity and air density. 


_(b) Apply a wave sufficient to cause flashover of the bushing. 
' For this test the applied voltage must be at least 5 per cent in excess 
- of the standard minimum flashover voltage for the standard bushing 
under standard conditions of humidity and air density. 

_ Note—When oversized bushings are used they shall be equipped 
with suitable gaps to provide the same standard minimum impulse 
flashover as for the standard bushing. 


'(c) Apply a wave having a crest not less than 90 per cent of the 
standard minimum flashover voltage of the standard bushing under 
, existing conditions of humidity and air density. No flashover of 
the bushing shall occur during the test. 
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Comments 


INSULATION STRENGTH ‘‘YARDSTICK”’ 


It has frequently been asked why insulators and rod 
gaps were initially used as a means of expressing insulation 
levels. The reason is as follows: Impulse testing was a 
new development and the technique had not been estab- 
lished. The impulse flashover of a given number of insula- 
tor units or of a given gap spacing was reported differently 
by different laboratories. It was felt that the actual volt- 
age required to flashover a specified rod gap or a specified 
number of insulators would be the same in all the labora- 
tories regardless of the variation in reported values. Con- 
sequently it was felt that if the impulse strength level of a 
transformer was specified in terms of the impulse flashover 
of a given number of line insulators or a given gap spacing, 
it would result in a common “‘yardstick”’ for expressing the 
insulation strength of transformers. 


POLARITY OF TEST WAVE 


Many have asked why the positive polarity wave was 
selected instead of a negative polarity wave. These ques- 
tions were prompted by the fact that it was later definitely 
established that the severest lightning overvoltages on 
transmission lines were of negative polarity. At the time 
the positive wave was selected, which actually was some 
time prior to the issuance of the proposed impulse test 
code, it was not generally accepted that the negative waves 
were predominant in the lightning overvoltages on trans- 
mission lines. The reason for the adoption of a positive 
polarity is the fact that the problem of impulse testing was 
in the development stage at the time, and laboratory 
technique was being built up with the use of positive polar- 
ity. As a result, by far the greater amount of impulse 
data had been obtained with positive waves and it was 
felt that co-ordination could be accomplished to better ad- 
vantage if the positive wave was selected for transformer 
testing. 


CO-ORDINATION GAP AS PROTECTIVE DEVICE 


When the problem of co-ordination was first considered 
the reduced line insulation as proposed in November 1930 
or the “co-ordination gap” as proposed in December 1932 
was presumed to offer adequate protection to transformers. 
The expression “‘co-ordination gap” signified not only a 
particular type of gap, but also a particular spacing for 
each voltage. This idea that the “co-ordination gap” was 
an adequate protective device has persisted in spite of the 
increased knowledge of the divergence of volt-time charac- 
teristics of rod gaps and transformer insulation. 

The volt-time characteristic of rod gaps and transformer 
insulation may be the same in general, but they are decid- 
edly different in detail. As the time to flashover becomes 
shorter the flashover voltage of the gap increases consider- 
ably faster than the breakdown voltage of the transformer 
insulation. This is illustrated in figure 1, and it is very 
evident from the curves that the “co-ordination gap” 
offers no protection when the time to gap flashover is short 
and when protection will most likely be needed. In order 
to establish the same margin of protection at half a micro- 
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second, it would be necessary to reduce the gap spacing to 
about '/2 to 1/3 of the co-ordination gap; If this was done 
the number of service interruptions would very likely be 
increased. 

In general it may be said that plain air gaps or rod gaps 
will limit by flashover the magnitude of the stress applied 
to station apparatus but their volt-time characteristics 
are so different from trans‘ormer insulation that they may 
be considered as affording a definitely limited amount of 
protection. The economics of the situation and the grade 
of service acceptable are the governing factors. 


STANDARD INSULATION LEVELS FOR TRANSFORMERS 


The transformer subcommittee at its meeting January 
27, 1937, authorized the change from gap spacing to kilo- 
volts as the measure of transformer insulation strength. 
A new tabulation is presented in table II which converts 
the present test code values from inches to kilovolts, and 
omits the minimum flashover voltage of the gap. There 
is given, also, the low-frequency test voltage values. The 
kilovolt values are practically identical with those re- 
quired by the present test code through the requirement of 
bushing flashover, although the testing procedure has been 
altered. A discussion of the impulse test values in the 
light of the present test recommendations and _ basic 
insulation levels adopted by the EEI-NEMA joint com- 
mittee on insulation co-ordination may be helpful. 

The present impulse test code provides for application of 


3 1.5x40 positive test waves to transformers, with speci- 
fied tolerances, one a full wave at 90 per cent of the flash- 
over voltage of the proposed standard bushing, one a 
wave chopped late on the tail by the test gap, and one a 
wave chopped early on the tail by bushing flashover with 
an applied voltage of 105 per cent of the standard flashover | 
voltage of the bushing. Expressed in per cent these are: | 


100 per cent 
110 per cent 
95 per cent 


Applied voltage—test gap flashover 
Applied voltage—bushing flashover 
Applied voltage—full wave test 


except for power transformers rated 69 kv and below 
where the bushings have an impulse flashover higher than } 
on distribution transformers which results in correspond- 
ingly higher impulse test voltages being applied to power 
transformers. This higher impulse strength of power 
transformers in the 69 kv class and below is inherent in { 
these transformers and is required by the present test code } 
which bases maximum impulse tests on the flashover of the 
transformer bushing. 

It should be noted that the basic insulation levels adopted | 
January 1937 by the EEI-NEMA joint insulation commit- 
tee on system insulation correspond to the test gap flashover } 
(minimum impulse flashover—full wave) of 100 per cent ! 
given above. The test gap flashover voltages are listed in 
table I in the January 1937 columns. Therefore in order {i 
to insure that when the tests are expressed in kilovolts | 
they shall be-of the same severity as when formerly ex- 


Table Il. Standard Insulation Test Level—Distribution and Power Transformers 
Standard Insulation Test Level 
Impulse Test—1.5x40 Microsecond Wave 
Distribution Transformers Power Transformers 
Full Wave Chopped Wave Full Wave Chopped Wave Low 
Rated Limit of [Se SS Frequency 
Circuit Rated Trans. Min. Time Min. Time Test 
Voltage Voltage Voltage Voltage to Flashover Voltage Voltage to Flashover Voltage 
(1) (2) (3) ; (4) (5) (6) (7) (8) (9) 
(Volts*) (Kilovolts**) (Kilovolts) (Kilovolts) (Microseconds) (Kilovolts) (Kilovolts) (Microseconds) (Kilovolts) 
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* These circuit voltages are those agreed upon by the ‘““NEMA-NELA Preferred Voltage Ratings for A-C Systems and Equipment,’’ NELA publication No. 043, ! 
page 12, and supplemented by the AIEE transformer subcommittee, ELECTRICAL ENGINEERING, January 1937, page 32, table I. " 
** These values represent the maximum transformer voltage rating normally associated with the corresponding insulation level. 


designate the insulation class. 
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These figures may be used to be 
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pressed in terms of gap spacing, the following percentages 
apply: 
Basic insulation level = 100 per cent 


Applied voltage—chopped wave test = 110 per cent 
Applied voltage—full wave test = 95 per cent 


When the impulse flashover of the bushing is higher than 
the required minimum standard of 105 per cent of the test 
gap flashover, as for power transformers 69 kv and below, 
the applied voltage for the chopped wave and full wave 
test is 105 per cent and 90 per cent respectively of the ac- 
tual bushing flashover voltage recommended as standard. 

In table II a minimum time to flashover is given. This 
is to insure a reasonable length of wave so as to retain the 
severity of the present tests. 


Insulation Level 


DISTRIBUTION (500 Kva AND Less) TRANSFORMERS 
POWER (LARGER THAN 500 Kva) TRANSFORMERS 


A. Insulation Level 


1. Table II gives the proposed standard relationship be- 
tween the established rated circuit voltages and corre- 
sponding limits of rated transformer voltage, and the stand- 
ard insulation level for distribution (500 kva and less) 
and power (larger than 500 kva) transformers. 

2. The standard insulation levels are expressed in terms 
of the full wave impulse test voltage, the chopped wave 
impulse test voltage with minimum time to flashover, and 
the low-frequency test voltage. The impulse test voltage 
is the crest value of the standard 1.5x40 microsecond im- 
pulse test wave. 


B. Choice of Insulation Level 


1. The insulation level for a given installation should be 
selected in accordance with the operating conditions, the 
volt-time performance characteristic of the protective 
equipment, and economics. 


BUSHING CHARACTERISTICS 


1. Table III gives the minimum impulse flashover voltage 
(full wave) with the positive 1.5x40 microsecond wave, 
and the guaranteed 60-cycle dry and wet flashover voltage, 
for distribution and power transformers. These values are 
for standard atmospheric conditions. 

2. The impulse flashover voltage and the guaranteed 
60-cycle flashover voltages are subject to a tolerance of 
minus 5 per cent. 

To keep the impulse flashover voltage of transformer 
bushings 5 per cent above the impulse flashover of the 
transformer test gap, a slight revision in bushing charac- 
teristics is being considered. All changes have resulted in 
slight increases in bushing impulse flashovers. 


BuSsHING GAPS 


The practice of supplying transformers with bushings 
gapped to meet the recommended flashover standards has 
been in use some 3 years or so. It has been maintained by 
some users of such transformers that the gaps are undesir- 
able in many cases, particularly in the lower voltage power 
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Table ill. Bushing Characteristics—Distribution and Power 
Transformers 
Bushing Flashover in Kilovolts 
Distribution Trans. Power Transformers 
500 Kva and Smaller Larger than 500 Kva 
Limit 
of 60-Cycle 60-Cycle 
Rated Rated Impulse* Guaranteed Impulse* Guaranteed 
Circuit Trans Flash- Flashover Flash- Flashover 
Voltage Voltage over over 
(Volts) (Ky) Average Dry Wet Average Dry Wet 
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* 11/2x40 microsecond positive full wave. 


transformer class. It would be particularly helpful to the 
transformer subcommittee to get the opinion of others on 
the desirability of equipping transformer bushings with 


gaps. 


Proposed Standard Impulse Tests 


IMPULSE TEST 


A proposal is being considered to simplify the present 
impulse test code as follows: 

The standard impulse test shall consist of 2 applications 
of a specified chopped wave followed by one application of 
a full wave. Either a positive or a negative wave may be 
used. The chopped wave may be obtained by flashing 
over either the bushing or an external rod gap. 


1. Chopped Wave. For this test the applied voltage wave shall 
have a crest voltage and time to flashover in accordance with table IT, 
columns 4 and 5 or columns 7 and 8 respectively for distribution 
transformers (500 kva and less) or power transformers (larger than 
500 kva) respectively. 


2. Full Wave. For this test the applied voltage wave shall have 
a crest value in accordance with table II, column 3 or column 6 for 
distribution and power transformers, respectively. For this test 
bushing gaps may be removed and negative wave can be used. 


Standard Low-Frequency Tests 


The standard low-frequency test consists of an applied 
potential test followed by an induced potential test. 


1. Applied Potential Test. The applied potential test shall be 
made by applying between each winding successively and ground, a 
low-frequency alternating voltage from an external source in ac- 
cordance with table II, column 9. All other electric circuits and 
metal parts shall be grounded during the test. 
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2. Induced Potential Tests. The induced potential test shall be 
made by applying between the terminals of one winding a voltage 
of twice the normal voltage developed in that winding. 

If testing circuit conditions are such that the induced voltage test 
just described does not at the same time produce twice the rated 
voltage of the circuit between adjacent line terminals of a 3-phase 
transformer an additional test with the same or other circuit con- 
nections shall be made to produce this voltage between line terminals. 
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34, Errect oF SURGES ON TRANSFORMER WINDINGS, J. K. Hodnette. 
JOURNAL, volume 48, November 1929, pages 829-932. 
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35. SuRGE vs. IMPULSE TESTS FOR TRANSFORMERS, V. M. Montsinger and 
J. F. Peters. Electrical World, volume 93, June 22, 1929, pages 1275-7. 


36. Errecr or TRANSIENT VOLTAGES ON POWER TRANSFORMER DESIGN, 
K. K. Palueff. AIEE Transactions, volume 48, July 1929, pages 681-706. 


37. RELATION BETWEEN TRANSMISSION LINE INSULATION AND TRANSFORMER 
INSULATION, W. W. Lewis. AIEE Transactions, volume 47, October 1928, 
pages 992-7. AIEE Journar, volume 47, September 1928, pages 637-40 
(abridgment). 


38. Errecrs or TIME AND FREQUENCY ON INSULATION 
FORMERS, V. M. Montsinger. 
337-47. 


TEST OF TRANS- 
AIEE TRaAnsactions, volume 43, 1924, pages 


39, INSULATION TESTS OF TRANSFORMERS AS INFLUENCED BY TIME AND 
Frequency, F. J. Vogel. AIEE Transactions, volume 43, 1924, pages 
348-55. 


Night view of the new Court House at Milwaukee, Wis., scene of the Institute's forthcoming summer convention 


Insulation Strength of Transformers 
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Of Institute eee | Related Activities 


The AIEE Summer Convention 
This Month at Milwaukee, Wis. 


Ait ARRANGEMENTS have been 
made for the fifty-third annual summer con- 
vention which will be held at Milwaukee, 
Wis., June 21-25, 1937, with headquarters 
in the Schroeder Hotel. The summer con- 
vention committee, under the chairmanship 
of K. L. Hansen, has arranged an attractive 
program of sports, inspection trips and en- 
tertainment built around the annual busi- 
mess meeting, 10 technical sessions, and 
1 general session. The convention also 
affords opportunity to combine business 
with a few days vacation. For a more com- 
plete account of the convention features, in- 
cluding a schedule of events and the tenta- 
tive technical program, see ELECTRICAL 
ENGINEERING for May, pages 635-9. 


‘TECHNICAL PROGRAM 


The tentative technical program as an- 
nounced in the above reference is complete 
with the following changes. The paper 
“Approximating Potier Reactance”’ by Ster- 
ling Beckwith, Allis-Chalmers Manufactur- 
ing Co., has been added to the session on 
power generation and electrical machinery 
scheduled at 10:00 a.m., Thursday, June 24. 
‘The date for scheduling the conference on 
field problems has been interchanged with 
the date for scheduling the conference on 
electrical apparatus for 3-phase are fur- 
maces. The programs for these conferences 
are as follows: 


Wednesday, June 23 


2:30 p.m.—Conference on Field Problems, Ernst 
Weber, presiding 


1. Introduction: The field concept in physics and 
engineering 
2. Topics: 
(a) Graphical field plotting (special applica- 
tions to magnetic fields) 


(b) Analytical solutions of fields (special ap- 
plications to heat problems) 


(c) Conformal representation (special applica- 
tions to electric fields) 


(d) Experimental methods of field exploration 
(special ap plications to hydrodynamics) 


‘Thursday, June 24 


2:30 p.m.—Conference on Electrical Apparatus for 
.3-Phase Arc Furnaces 


1. Introduction: Modern arc furnace apparatus— 
lantern slides—Samuel Arnold 
2. Discussions: 
(a) Kilovolt-ampere ratings—Frank Brooke 
(b) Voltages—C. C. Levy 
(c) Reactance—F, V. Andreae 
(d) Regulation—F. E. Ackley 
(e) Protective equipment—E. L. McClure 


(f) Methods of supplying power—L. W. 
Clark 


June 1937 


Docror VANNEVAR BUSH TO SPEAK 


One of the high lights of the summer con- 
vention will be a lecture Tuesday evening by 
Doctor Vannevar Bush on the subject ““The 
Engineer and His Relation to Government.” 
This meeting very appropriately precedes 
the general session Wednesday morning on 
economic aspects of engineering and Insti- 
tute activities. 

This evening lecture will be open to the 
public, fellow-engineers from other founder 


Vannevar Bush 


and local societies and the ladies as well. 
The Engineers’ Society of Milwaukee has 
already chosen to dispense with its regular 
June meeting and join with the Institute on 
this occasion. Special plans are also being 
made for groups to come from Chicago and 
Madison for this evening lecture. 

Doctor Vannevar Bush is noted for his 
achievements in research and his contribu- 
tions to engineering progress and to techni- 
cal education. For the development of the 
product integraph he was awarded the Levy 
Medal of the Franklin Institute in 1928. 
For ‘‘his development of methods and de- 
vices for application of mathematical analy- 
sis to problems of electrical engineering”’ he 
was awarded the AIEE Lamme Medal for 
1935. He has lectured at Cambridge, Eng- 
land, at the International Congress of Ap- 
plied Mechanics and he has delivered the 
Josiah Willard Gibbs lecture of the Ameri- 
can Mathematical Society. Doctor Bush 
designed the differential analyzer and under 
his direction the network analyzer at Massa- 
chusetts Institute of Technology was built. 
He is also known for his contributions to the 
development of vacuum tubes and for his in- 
vestigations in electric power transmission, 
transients in machines, and dielectric 
phenomena. 

The career of Doctor Bush as a teacher 
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has been no less notable than his work in re- 
search and in 1932 he was appointed vice- 
president and dean of the school of engineer- 
ing of the Massachusetts Institute of Tech- 
nology. 


SPORTS 


Excellent facilities will be available for 
golf and tennis enthusiasts. Golf events will 
include competition for the Mershon, Lee, 
and District Team Trophies and special 
events. Golf on Monday and Tuesday will 
be on the course of the Tripoli Country 
Club, on Wednesday and Thursday at the 
Ozaukee Country Club, and on Friday at 
the Bluemound Golf and Country Club. 
Qualifying play for the Mershon Trophy, 
which is on a handicap basis, will be on 
Monday with match play rounds on Tues- 
day, Wednesday, and Thursday. The Lee 
Trophy in golf which is on a handicap 
basis, 86 holes of medal play, will be on 
Monday and Tuesday. 

The District team event, the winner of 
which is decided on the basis of the gross 
medal score for the 4 lowest out of a team of 
6 players from each District for 36 holes will 
be played Monday and Tuesday. It is sug- 
gested that each District organize a team 
before leaving for the convention. 

The annual tennis tournament for the 
Mershon Tennis Trophy will be held on the 
clay courts of the Milwaukee University 
School. Numerous prizes for both golf and 
tennis have been provided and these will be 
awarded at the informal farewell dinner to 
be held Friday evening at the Bluemound 
Golf and Country Club. 

In order to facilitate imposing fair handi- 
cap, the sports committee has requested 
that those who intend to play golf furnish 
the following information: average of their 
5 best scores in 1936; par of their regular 
courses. 


WOMEN’S ENTERTAINMENT 


While the men are busily engaged in the 
technical sessions and inspection trips the 
women will not be overlooked. A com- 
mittee, under the leadership of Mrs. A. C. 
Flory, has provided a wide variety of inter- 
esting and entertaining events. These in- 
clude a varied assortment of parties, a tea, 
luncheon, inspection and shopping trips, 
golf, and a day at a country club. These, of 
course, are in addition to the combined 
events—the boat trip on Lake Michigan, the 
trip to the Schlitz Brewery, president’s re- 
ception and dinner dance Thursday even- 
ing, and the farewell party at the Blue- 
mound Golf and Country Club Friday 
night. The aim of the women’s committee 
is to make every woman visitor feel Milwau- 
kee’s traditional and gracious hospitality 
and to let no one leave the convention with- 
out learning the real meaning of gemutlich- 
keit (see May 1987 issue, page 638). 
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Institute Prize Awards 


Announced for 1936 Papers 


Tue committee on award of institute 
prizes has announced the award of 4 na- 
tional prizes for papers presented during the 
calendar year 1986. Personal presentation 
of the prizes will take place during the 
summer convention to be held in the Hotel 
Schroeder, Milwaukee, Wis., June 21-25, 
1937. The personnel of the committee con- 
sists of H. S. Osborne (A’10, F’21), chair- 
man, O. W. Eshbach (A’17, M’30), W. B. 
Kouwenhoven (A’06, F’34), W. R. Smith 
(M’18, F’30), and I. Melville Stein (A’18, 
M’27). 

Rules governing the award of future 
prizes were published in ELEcTRICAL EN- 
GINEERING for April 1937, page 492. In ac- 
cordance with these rules, papers for the Dis- 
trict Branch paper prize and the newly es- 
tablished graduate student prize, will be 
awarded on the basis of the academic year, 
and must be submitted on or before July 15, 
1938. The Branch papers which have been 
presented from January to June 1937, may 
also be submitted at that time for con- 
sideration. 


NATIONAL PRIZES 


After due consideration of all highly 
recommended papers, the committee on 
award of Institute prizes made the following 
awards of national prizes for papers pre- 
sented in 19386: 


BrEst PAPERS 

Best Paper in Engineering Practice. This prize was 
awarded to P. S. Millar (A’03, M’13) for his paper 
“The Qualities of Incandescent Lamps,”’ published 
in ELECTRICAL ENGINEERING for May 1936, pages 
516-23, and discussed at the summer convention, 
Pasadena, Calif., June 22—26, 1936. 


Honorable mention was made of the following 
papers: ‘‘The Relation between Load, Capacity, 
and Service Continuity on an Electric Power 
System” by W. J. Lyman (A’25), presented before 
the Pittsburgh Section, December 8, 1936; ‘‘Mod- 
ernization of Power Distribution Systems’’ by H. 
P. Seelye (A’19, M’28), published in ELecrricaL 
ENGINEERING for January 1936, pages 75-84, and 
discussed at the winter convention, New York, 
N. Y., January 28-31, 1936. 

Best Paper in Theory and Research. This prize was 
awarded to H. E. Edgerton (A’27, M’32) for his 
paper ‘“‘High Speed Moticn Pictures,’’ published in 
ELECTRICAL ENGINEERING for February 1935, 
pages 149-53, and discussed at the winter conven- 
tion, New York, N. Y., January 28-31, 1936. 


Honcrable mention was made of the following 
papers: ‘‘Pull-In Characteristics of Synchronous 
Motors’’ by D. R. Shoults (A’35), S. B. Crary, Jr. 
(A’31), and A. H. Lauder (A’24), published in 
ELECTRICAL ENGINEERING for December 1935, 
pages 1385-95, and discussed at the winter con- 
vention, New York, N. Y., January 28-31, 1936; 
‘Laboratory Studies of Conductor Vibration” by 
J. S. Carroll (A’24), published in ExrcrricaL 
ENGINEERING for May 1936, pages 543-7, and dis- 
cussed at the summer convention, Pasadena, Calif., 
June 22-26, 1936. 


Best Paper in Public Relations and Education. In 
view of the fact that only 2 papers eligible for this 
prize were presented last year the committee 
deemed it advisable to make no award under this 
classification. Under the rules these 2 papers will 
be eligible for consideration the next time prizes are 
awarded. 


INITIAL PAPER 

Prize for initial paper was awarded to D. H. Row- 
land (A’26) for his paper ‘‘Porcelain for High 
Voltage Insulators,’’ published in ELECTRICAL 
ENGINEERING for June 1936, pages 618-26, and 
discussed at the summer convention, Pasadena, 
Calif., June 22-26, 1936. 
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Honorable mention was made of the following 
papers: “Induction Heating at Low Tempera- 
tures’”’ by E. L. Bailey (A’19, M’25), published in 
ELECTRICAL ENGINEERING for November 1935, 
pages 1210-12, and discussed at the winter con- 
vention, New York, N. Y., January 28-31, 1936; 
“Earth Resistivity and Geological Structure’ by 
R. H. Card (A’22, M’35), published in ELECTRICAL 
ENGINEERING for November 1935, pages 1153-61, 
and discussed at the winter convention, New York, 
N. Y., January 28-31, 1936. 


BRANCH PAPER 

Prize for Branch paper was awarded to W. James 
Walsh for his paper “Heat Transfer Efficiency of 
Electric Range Surface Units,’’ presented at a 
joint meeting of the Portland Section and Oregon 
State College Branch, AIEE, Corvallis, Ore., 
May 16, 1936. 

Honorable mention was made cf the following 
papers: ‘‘A Direct Reading Linear Accelerometer”’ 
by Harry B. Fuge, presented at a meeting of the 
Polytechnic Institute of Brooklyn Branch, AIEE, 
April 1936; ‘‘Tidal Power,’’ by D. R. Barney, 
presented at the annual student convention Dis- 
trict No. 3, AIEE, New York, N. Y., April 22, 
1936; ‘“‘A High-Speed Vibration Analyzer,’ by 
William R. Harry, presented at the North Eastern 
District Meeting, New Haven, Conn., May 6-9, 
1936; ‘Frequency Multipliers,” by Ronald F. 
Huminski and Everard M. Williams, presented at 
the North Eastern District Meeting, New Haven, 
Conn., May 6-9, 1936. 


The committee has considered all the 
eligible papers and in connection with 
papers in all classifications except Branch 
papers had the benefit of the recommenda- 
tions of the technical committee chairmen 
relative to the best papers in their respective 
fields. 


DISTRICT PRIZES 


District prizes as announced by 4 Districts 
to date include 3 awards of $25 each, to- 
gether with appropriate certificates. Other 
District awards will be announced later, as 
the information becomes available. 


District 1 


Prize for best paper was awarded to E. M. Hunter 
(A’28, M’36) for his paper ‘“‘Tests on Lightning 
Protection for A-C Rotating Machines,’’ published 
in ELECTRICAL ENGINEERING for February 1936, 
pages 137-44, and discussed at the North Eastern 
District Meeting, New Haven, Conn., May 6-9, 
1936. 

Prize for initial paper was awarded to E. A. Harty 
(A’22, M’36) for his paper ‘‘Aging in Copper 
Oxide Rectifiers,’’ presented at the North Eastern 
District Meeting, New Haven, Conn., May 6-9, 
1936. 

Prize for Branch paper was awarded to W. R. 
Harry for his paper “A High-Speed Vibration 
Analyzer,’’ presented at the North Eastern District 
Meeting, New Haven, Conn., May 6-9, 1936. 


District 2 

Prize for initial paper was awarded to A. C. Herweh 
for his paper ‘“‘An Open Arc Type of Stroboscope,”’ 
presented before a joint meeting of the Cincinnati 
Section and University of Cincinnati Branch, 
AIEE, May 19, 1936. 


Disrricr 7 

Prize for Branch paper was awarded to J. H. Tread- 
well for his paper ‘‘A Rotating Ball Slip Meter,” 
presented at the South West District Meeting, 
Dallas, Texas, October 26-28, 1936. 


District 9 

Prize for Branch paper was awarded to W. James 
Walsh for his paper ‘“‘Heat Transfer Efficiency of 
Electric Range Surface Units,” presented at a 
meeting of the Oregon State College Branch, 
AIEE, Corvallis, Ore., May 16, 1936. 
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ASTM Annual Meeting. The fortieth 
annual meeting and fourth exhibit of 
testing apparatus and related equipment 
of the American Society for Testing Ma- 
terials will be held in New York, N. Y., 
from June 28 to July 2, 1937, with head- 
quarters at The Waldorf-Astoria Hotel. 
A program of entertainment and inspection 
trips will supplement the technical program. 
Many companies will display and demon- 
strate the latest developments in instru- 
ments for various phases of the production, 
control, and testing of materials and prod- 
ucts of all kinds. Certain educational and 
research institutions will also be invited 
to display special equipment and devices 
which they have developed for unusual 
testing and research in the materials fields. 


Coast IRE and AIEE Plan 
Joint Convention at Spokane 


An innovation in Pacific Coast conven- 
tion procedure that is being enthusiastically 
developed by the local committees in charge 
will bring together for a concurrent con- 
vention in Spokane, Wash., the Pacific Coast 
members of the Institute of Radio Engi- 
neers and of the AIEE. The annual Pacific 
Coast AIEE convention is scheduled to be 
held from August 30 to September 3, in- 
clusive. The IRE Pacific Coast conven- 
tion, the first to be held, is scheduled for 
September 1 and 2. 

Plans in progress as announced by the 
committee in charge provide for a joint 
technical session to be held September 2, 
to which both AIEE and IRE members will 
contribute technical papers of common 
interest. Other sessions of the AIEE 
Pacific Coast convention program will be 
held as usual, and separate technical ses- 
sions are being planned by the radio engi- 
neers. 


1937 Lamme Medal 
Nominations Due Nov. 1 


Special attention is directed to the fact 
that the names of Institute members who 
are considered eligible for the Lamme 
Medal, to be awarded in the fall of 1937, 
may be submitted by any member in ac- 
cordance with Section 1 of Article VI of the 
by-laws of the Lamme Medal committee, 
as quoted in the following: 


The committee shall cause to be published in one 
or more issues of ELECTRICAL ENGINEERING, or of 
its successors, each year, preferably including the 
June issue, a statement regarding the ‘““Lamme 
Medal” and an invitation for any member to pre- 
sent to the national secretary of the Institute by 
November 1, the name of a member as a nominee 
for the medal, accompanied by a statement of his 
“meritorious achievement’? and the names of at 
least 3 engineers of standing who are familiar with 
the achievement. 


Each nomination should give concisely 
the specific grounds upon which the award 
is proposed, and also a complete detailed 
statement of the. achievements of the nomi- 
nee to enable the committee to determine 
its significance as compared with the 
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achievements of other nominees. If the 
work of the nominee has been of a some- 
what general character in co-operation with 
others, specified specific information should 
be given regarding his individual contribu- 
tions. Names of endorsers should be given 
as specified above. 

The Lamme Medal, founded as a result 
of a bequest of the late Benjamin Garver 
Lamme, chief engineer of the Westinghouse 
Electric and Manufacturing Company (de- 
ceased July 8, 1924), provides for the an- 
nual award by the Institute of a gold medal 
—together with bronze replica thereof— 
to a member of the AIEE “‘who has shown 
meritorious achievement in the develop- 
ment of electrical apparatus or machinery”’; 
and for the award of 2 such medals in some 
years if the accumulation of funds warrants. 

The ninth (1936) Lamme Medal has 
been awarded to Doctor Frank Conrad 
(A’02, F’37), assistant chief engineer of the 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., ‘for his 
pioneering and basic developments in the 
fields of electric metering and protective 
systems.” Presentation will be made dur- 
ing the AIEE summer convention at Mil- 
waukee, Wis., June 21-25, 1937. A bio- 
graphical sketch of Doctor Conrad  ap- 
peared in ELecTRICAL ENGINEERING for 
March 1937, pages 395-6. 


Additions to 
Member-for-Life List 


Membership for life is granted by the 
Institute for either of the following 2 rea- 
sons: a member has paid annual dues for 35 
years; or has reached the age of 70 and 
has paid dues for 30 years. 

The fiftieth anniversary issue of ELEC- 
TRICAL ENGINEERING published in May 
1934 and the September 1935 number in- 
cluded lists of all members who had been 
enrolled upon the Institute records as 
Members for Life during the period up to 
May 1, 1935. Those who became Mem- 
bers for Life between 1935 and 1936 were 
listed in the June 1936 issue. 

The list that follows indicates those mem- 
bers who have become Members for Life 
since the publication of the list in the June 
1936 issue: 


Addicks, L. 
Aitken, William 
Atkinson, A. A. 
Atkinson, W. S. 
Averrett, A. E. 
Barnes, W. J. 
Beam, Victor S. 
Bell, A. C. 
Bennett, Edward 
Bennett, W. S. 
Blakeslee, H. J. 


Brown, Carlton E. 


Brown, R. C. 
Brown, W. E. 
Butler, W. 
Carpenter, H. C. 
Coldwell, O. B. 
Conwell, W. L. 
Cowles, J. W. 
Dick, W. A. 
Dixon, James 
Dodge, K. 
Edmonston, E. D. 
Eglinton, W. M. 
Erwin, F. B. 
Everit, E. H. 
Feldmann, C. 
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Ferguson, L. A. 
Ferguson, S. 
Firman, L. D. 
Foster, W. J. 
Gear, H. B. 
Gibson, J. J. 
Gill, Frank 
Graham, W. P. 
Graling, V. 
Harisberger, J. 
Hodgkinson, F. 
Hunt, F. L. 
Keller, C. A. 
Kingsbury, Albert 
Kruesi, P. J. 
Lanphier, R. C. 
Lesley, Hugh 
Leyden, H. R. 
Lillibridge, R. D. 
Lincoln, J. C. 
Lowenberg, L. 
Magie, L. D. 
Manville, C. B. 
Marburg, L. C. 
McAllister, A. S. 
McGrath, W. H. 


Medbery, S. C., Jr. 


Moody, W. S. Smith, F. W. 
Morris, J. W. Smith, W. N. 
Nash, L. R. Soren, T. H. 
Pearson, E. R. Sporborg, H. N. 
Pierce, A. L. Stevenson, F. L. 
Potts, L. M. Storer, S. B. 
Pratt, W. H. Stovel, R. W. 
Rea, N. L. Tuttle, H. B. 
Reber, H. L. Van Dyck, W. V. 


Reynolds, W. H. 
Roberts, T. M. 


Waddell, C. E. 
Wagoner, P. D. 


Rosenthal, L. W. Waldo, E. H. 
Ruckgaber, A. F. Warren, H. E. 
Ruffner, C. S. Waters, W. L. 
Rugg, W. S. White, F. J. 

Sage, D. Whittemore, G. W. 
Sawyer, W. H. Wilder, S. 
Schildhauer, E. Wilson, R. L. 


Schluederberg, C. G. Winslow, C. G. 


AIEE Sections Members of 
Indiana Engineering Council 


Growing out of a reorganization of the 
Indiana Engineering Society, the Indiana 
Engineering Council has been formed to 
function in the State in the same manner in 
which the American Engineering Council 
functions nationally. The Indiana Engi- 
neering Society was in operation for many 
years, and was composed principally of 
members of the 3 national societies: Ameri- 
can Society of Civil Engineers, American 
Society of Mechanical Engineers, and the 
AIEE. This society was an incorporated 
body with the objective of bringing together 
these engineers and the land surveyors of 
the State to encourage professional inter- 
course and the development and advance- 
ment of its membership. 

In the opinion of the officers of this so- 
ciety it would serve its purpose better if or- 
ganized in the manner of American Engi- 
neering Council. Accordingly, at the last 


Membership— 
Mr. Institute Member: 


Vacation season is here! 


first. 


needed in membership work. 


co-operation. 


News 


Many of our Sections have held their 
last meeting until fall and the membership committees have done the 
major portion of their work. They have done well too for the AIEE 


has the largest membership reported for the past 4 years, as of May 


Now is the time when the help of the Institute members is most 
Do not wait until fall to get your 
prospective member an application blank, but send his name to New 
York headquarters if your local membership committee is away on 
vacation. Your prospect will appreciate being “’in’’ on the begin- 
ning of the new Section year and the Institute will appreciate your 
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annual meeting of the society held February 
16, 1937, and through the counsel of Dean 
A. A. Potter of Purdue University, president 
of AEC, steps for a reorganization were 
taken which resulted in the formation of the 
Indiana Engineering Council. 

Both the Central Indiana and the Fort 
Wayne AIEE Sections are participating 
in the new organization. 

According to Foster L. Stanley, chairman 
of the AIEE Central Indiana Section, who 
supplied the information for this news item, 
organization plans are now being developed 
by the following officers: 


President: M. R. Keefe, chief engineer, Indiana 
State Highway Commission. 


Vice-President: F. R. Weaver, vice-president, 
ASME, and an influential engineer in the State. 


Secretary-Treasurer: Homer Ruppard, assistant 
chief engineer, Indianapolis Water Company. 


Executive Board: Marry O. Garman (A’08, M’23) 
consulting engineer, past-president of the Indiana 
Engineering Society and past-chairman of the Cen- 
tral Indiana Section (1917-18). Charles Brossman 
(M’28) chief engineer, Indianapolis Water Com- 
pany; Professor F. C. Hockema, assistant to presi- 
dent of Purdue University, chairman Central Indi- 
ana Section, ASME; Foster L. Stanley (A’34) 
plant extension engineer, Indiana Bell Telephone 
Company. 


Map of Illinois Lines. A comprehensive 
map of electric transmission and distribu- 
tion lines in Illinois has been prepared by the 
state rural electrification committee which 
shows all rural electric lines, transmission 
lines, points of interconnection, generating 
stations, and other electric facilities. All 
lines built up to January 1, 1937, are in- 
cluded. Copies of the map are printed in 
83 colors and 30 inches by 50 inches in size 
may be obtained directly from the State 
Rural Electrification Committee, 220 Cen- 
tennial Building, Springfield, Ill., at nomi- 
nal cost. 


Vice-Chairman, District No. 8 4 
National Membership Committee 
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Industrial Applications and Power System Problems 
Discussed at Buffalo —Students Also Hold Busy Session 


A DISTINCTLY industrial flavor was 
one of the more attractive features of the 
AIEE North Eastern District meeting held 
May 5-7 at Buffalo, N. Y. Supplementing 
and giving point to 2 special informal papers 
that were devoted to a discussion and ex- 
planation of current trends in the design and 
application of the electrical equipment that 
is playing so vital a part in modern steel- 
mill electrification, was a correlated inspec- 
tion trip through the new 72-inch continuous 
hot- and cold-strip mill of the Bethlehem 
Steel Company at nearby Lackawanna. 

That lightning still holds its interest for 
power system operating engineers, electrical 
equipment manufacturers, and others was 
evidenced by the scope and character of the 
active discussion resulting from the presen- 
tation of 3 papers pertaining in one way or 
another to this subject. Other power-sys- 
tem problems were touched upon by papers 
describing the operating performance of a 
relay protective system for a large intercon- 
nected power system, operating perform- 
ance of one of the newer steam-electric gen- 
erating stations, experimental study of 
“dancing”’ cables, and the organization and 
operating procedure incident to the conduct 
of research and test work by 2 large electric 
utilities. An interesting informal paper de- 
scribing the steps involved in surveying tele- 
phone requirements for a large industrial or 
commercial user gave an insight into some 
of the engineering and traffic problems in- 
cident to the modern facility of communi- 
cation that today is taken very much for 
granted. 

President MacCutcheon was an interested 
and active participant in practically all 
phases of the District meeting program. 
Presiding at the various sessions were: C.T. 
Sinclair, Pittsburgh, Pa., opening session; 
Robert Treat, Schenectady, N .Y.., first gen- 
eral session; R. W. Graham, Lackawanna, 
N. Y., second general session; D.C. West, 
Buffalo, dinner meeting. J. Leo Scanlon, 
chairman of the Niagara Frontier Section, 
Buffalo, acted on behalf of the Section as 
host and general factotum. 


STEEL Mitt ELECTRIFICATION 


Speaking on ‘‘Design Trends in Steel 
Mill Electrification,” L. A. Umansky (A’16, 
M’27) of the General Electric Company, 
Schenectady, N. Y., graphically illustrated 
and dramatically described the ever-in- 
creasing extent to which modern sheet- 
steel production is directly dependent upon 
electric driving and controlling mechanisms. 
He pictured briefly the evolution of sheet 
rolling from the old simple single stand for 
sheets now regarded as small, to a modern 
mill where sheets 100 feet or more in length 
pass simultaneously through several rolls in 
tandem, to emerge at speeds of from 1,200 to 
2,000 feet per minute. The intricacy and 
the importance of the electric driving and 
controlling equipment involved in such an 
operation can be understood when it is real- 
ized that each successive stand of rolls oper- 
ates at a different speed in accordance with 
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the progressive elongation of the strip, all 
being interlocked to maintain a predeter- 
mined setting. 

Mr. Umansky’s talk served also to em- 
phasize the decisiveness of a trend, noted 
also in other branches of industry, toward an 
increasingly wider use of d-c machinery, be- 
cause of its flexibility and susceptibility to 
precise control. 

F. D. Egan (M’34) of the Bethlehem 
Steel Company described in some detail the 
“electrical applications” in that company’s 
72-inch continu- 
ous hot- and cold- 
strip mill at Lack- 
awanna, Ne Ye 
Although other 
mills now are un- 
der construction, 
this is one of the 
newest of the large 
mills now in oper- 
ation, and is re- 
garded asatypical 
example of a mod- 
ern electrified 
steel mill. It has 
an annual capac- 
ity of 800,000 tons 
of hot-rolled strips, 
sheets, and light 
plates, of which 
360,000 tons can be converted into cold- 
rolled finished products, and is capable of 
producing strips up to 72 inches in width by 
0.078 inch in thickness, as well as light 
plates up to 1/2 inch in thickness. It is de- 
signed to handle stock slabs ranging from 
20 to 40 inches in width, from 3 to 6 inches 
in thickness, and from 5 to 15 feet in length. 

Electrically as well as mechanically, heavy- 
duty equipment is a prominent characteris- 
tic of such a mill. Mr. Egan emphasized 
the vital importance of a continuity of elec- 
tric service, pointing out that the power 
supply for the Lackawanna mill is obtained 
from 3 different sources over 6 lines from 2 
different directions. One of the problems 
incident to serving the 22,500 horsepower of 
d-c finishing-mill motors was that, under 
short-circuit conditions, currents of the 
order of 300,000 amperes might be expected 
on the 600-volt d-c bus. Special designs 
were adopted, including wide separation of 
the positive and negative busses, to reduce 
or control the resulting tremendously heavy 
physical forces that would be exerted on the 
bus conductors and fittings under short- 
circuit conditions. 


R. W. Graham of 

Lackawanna, N. Y., 

presided at one of the 
general sessions 


LIGHTNING 


In areas where lightning prevails, it still 
appears on system operating records as the 
Number 1 cause of interruptions to electric- 
power circuits, as confirmed by the discus- 
sion of the subject at Buffalo. Conse- 
quently, there is a prevalent active interest 
in the subject, although the outward mani- 
festation of the studies that have continued 
for so many years has shifted gradually 
from heated debates over conflicting theo- 
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ries to colder analyses of accumulating op- 
erating statistics and observed test data. 
Authorities seem pretty well agreed that, 
although effective progress has been made 
in the development of practical preventives 
or palliatives, further progress in the preven- 
tion or control of lightning disturbances on 
electric-power systems will come from ex- 
tensive correlation of existing data as well as 
from a continuation of laboratory and field 
investigations. 

I. W. Gross (A’12) of the American Gas 
and Electric Company, New York, N. Y. 
S. K. Waldorf (A’27, M’36) of the Pennsyl- 
vania Water and Power Company, Balti- 
more, Md.; and G. A. Powell (A’23) of the 
New York Power and Light Corporation, 
Albany, N. Y., presented, respectively, the 
following papers, which were published as 
noted in earlier issues of ELECTRICAL EN- 
GINEERING: 


LIGHTNING CURRENTS IN 132-Kv Lrings, Philip 
Sporn and I. W. Gross. Published in February 
issue, pages 245-52. 


PROBABLE OUTAGES OF SHIELDED TRANSMISSION 
Lines, S. K. Waldorf. Published in May issue, 
pages 597-600. 


SPECIAL USES FOR THE AUTOMATIC OSCILLOGRAPH, 
G. A. Powell and R. E. Walsh. Published in April 
issue, pages 438-40. 


These presentations, and the conclusions 
drawn by the authors, brought forth a 
variety of discussion. K. B. McEachron 
(A’14, M’20) of Pittsfield, Mass., commen- 
ted at some length on the quantity and 
variety of statistical data that has been ac- 
cumulated and now is available concerning 
the operation of electric power systems 
under lightning-storm conditions, the char- 
acter of lightning strokes, the probability of 
lightning disturbances affecting a given line, 
and other aspects of the subject. He em- 
phasized the present need for correlation 
among these various data and between 
them and weather-bureau data pertaining to 
the number of storm-days experienced in 
various areas. Discussing the question of 
ground resistance as it might affect the op- 
eration of equipment installed for protection 
against lightning damage, Mr. McEachron 
observed that data received from London, 
England, indicate definitely that the higher 
the tower the less important the matter of 
ground resistance becomes; this is because 
for very high towers the time required for 
the wave to travel down the length of the 
tower is enough to permit the wave to ap- 
proach crest value at the tower top, thus 
causing flashovers. : 

W. F. Davidson (A’14, M’26) of the 
Brooklyn (N. Y.) Edison Company, urged 
that “further thought be given to the matter 
of ‘silent discharges.’ ”’ 

Speaking with reference to the “‘zone of 
protection,” usually assumed to be afforded 
by a high grounded structure, S. K. Waldorf 
described troubles that had been experienced 
by a certain street railway company wherein 
flashovers occurred across insulators on 
which trolley feeders were supported from 
buildings along either side of a “downtown” 
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street flanked by buildings several stories 
high. He reported that a study of this 
situation indicated that lightning impulses 
were conducted down through the buildings 
to points where the resistance to ground was 
lower across the trolley-feeder insulators 
than it was down through the frame of the 
building, resulting in flashovers from building 
to trolley feeder and on to ground through 
railway equipment. An increase in the in- 
sulation at these points overcame the 
trouble. 

Commenting on the characteristics of 
lightning, R. E. Walsh observed that waves 
resulting from lightning strokes ‘‘do not rise 
nearly as rapidly nor as steeply as some 
theories and some studies have indicated.”’ 


POWER SYSTEM OPERATION 


Four special presentations featured a gen- 
eral session devoted to power system prob- 
lems: 


| DEVELOPMENT AND OPERATING PERFORMANCE OF A 
Reiay System, L. J. Audlin (M’35), Syracuse, 
George Steeb (A’26, M’34), Buffalo, and G. A. Pow- 
ell (A’23) of Buffalo, who constitute the relay com- 
mittee of the Niagara~-Hudson operating companies. 


OPERATING PERFORMANCE OF C. R. HuNTLEY StTA- 
TION. Presented in 2 parts: Electrical, J. M. 
Geiger (A’28, M’34); Mechanical, Donald Scran- 
ton; both of the Buffalo General Electric Company 


RESEARCH AND TESTING IN A LARGE ELECTRIC 
Urinity, W. F. Davidson (A’14, F’26) director of 
research and test of the Consolidated Edison Com- 
pany of New York, Inc. 


RESEARCH AND TESTING IN THE HyDRO-ELECTRIC 
PowrER COMMISSION OF TORONTO, W. P. Dobson 
(A’13, M’19) chief testing engineer, Hydro-Electric 
Power Commission of Ontario, Canada. 


These papers were developed especially for 
the Buffalo meeting, and have not been 
published in ELecrricAL ENGINEERING. 

L. J. Audlin described briefly the operat- 
ing, switching, and relaying problems in- 
volved in the gra- 
dual evolution of 
several _ distinct 
operating systems 
into what is in 
effect a single co- 
ordinated inter- 
connected system 
covering a large 
portion of the 
State of New 
York. Extensive 
calculating - board 
studies of short- 
circuit conditions 
were described as 
having revealed 
the principal dif- 
ficulties to be over- 
come for success- 
ful operation: that more rapid relay and cir- 
cuit breaker operation would be required to 
avoid system instability; that phase relays 
would not provide adequate protection 
against certain types of ground faults. 
Replacements of circuit breaker and relay 
equipment have been effected until now 
about 44 per cent of the 140 or so switch 
positions on the interconnected transmis- 
sion system are equipped with “‘distance”’ 
relays and high-speed oil circuit breakers 
(8-cycle) of heavy interrupting capacity. 
Further improvements now under way will 
bring this figure to about 54 per cent of the 
total line-switching positions. For main 
transmission circuits, differential protection 
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(pilot relaying) for each individual circuit is 
considered to be the “‘ideal.’”’ This ideal is 
approached between the generating sources 
of the Niagara~-Hudson power system and 
New York City by the supplemental use of 
carrier relay equipment for the control of 
directional relays. Operating records for 
the period 1933 to 1936 inclusive, showed a 
total of 1,185 disturbances, of which the 3 
most prominent causes were: lightning, 
56.1 per cent; sleet, wind, and jumping con- 
ductors, 12.4 per cent; and closing in on 
faults, 11.4 per cent. Relay operating rec- 
ords for the same period showed a total of 
2,764 disturbances, of which 92.2 per cent 
were correct and desired, 5.3 per cent cor- 
rect, but undesired, and 2.1 per cent incor- 
rect or faulty, and 0.4 per cent failure to 
operate. A point raised for discussion was 
whether or not to separate 2 parts of an inter- 
connected transmission system when syn- 
chronism is lost between them, some opera- 
ting experiences indicating the possibility of 
re-establishing synchronism without inter- 
ruption and without damage to equipment. 

The Huntley steam-electric generating 
station No. 2 was built in 1929, expressly for 
the purpose of providing for the change-over 
in the domestic and commercial load in the 
Buffalo area from 25-cycle to 60-cycle serv- 
ice. In describing the electrical operation 
of the station, J. M. Geiger pointed out that 
inasmuch as the bus bars of this one station 
would have to carry, for at least several 
years, all the 60-cycle energy for a large 
metropolitan area, provision for the highest 
order of reliability in the electrical equip- 
ment was a necessity. The station gener- 
ating equipment comprises 2 8,000-kw 
12,000-volt generators, each tied solidly to 
an autotransformer, the 22-kv windings of 
which normally are connected to opposite 
busses. This “split bus’’ scheme also is ap- 
plied to the large transformers for the 110-kv 
transmission ties, for the frequency changer 
connections, and for the outgoing 22-kv 
feeders. The neutral leads of the genera- 
tors and large transformers are connected 
to a common neutral bus and grounded 
through a 5-ohm resistor to limit fault cur- 
rents to ground. Experiments with this re- 
sistor in service and out of service indicate 
that its use has no bearing on the rate of 
electric cable failures in the local system. 
Circuit arrangements and operating proce- 
dures were such, according to the report, that 
since the station was built there has not been 
a single interruption in the low-voltage- 
network service that is wholly dependent 
upon the station. 

Research and test work are as vital to the 
effective and economical operation of the 
electric service utilities as they are to the 
success of other industrial enterprises. De- 
scriptions of their respective organizations, 
methods of procedure, and types of work 
were given by W. F. Davidson of the Con- 
solidated Edison Company of New York 
and W.P. Dobson of the Hydro-Electric 
Power Commission of Ontario. In Mr. 
Davidson’s organization, all testing, except 
that involving mechanical equipment in gen- 
erating stations, is assigned to the test 
bureau of the system engineering depart- 
ment. The scope of this department in- 
cludes all testing of the transmission and 
distribution system and associated substa- 
tions, all electrical equipment in the generat- 
ing stations, maintenance of the standards 
laboratory and portable test instruments, 
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and the testing of materials and such ap- 
paratus as require special laboratory facili- 
ties. The production department has a test 
organization in each generating station to 
handle the testing of mechanical equipment. 
A research bureau inthe system engineering 
department is responsible for the conduct of 
research connected with the electrical op- 
erations (as distinguished from gas opera- 
tions). To insure effective co-ordination of 
these separate agencies, the heads of re- 
search bureau and the test bureau report to 
the director of research and tests, and the 
station test groups report to the production 
economy engi- 
neer. These 2 men 
jointly handle 
those cases which 
concern more than 
one unit of the 
testing organiza- 
tion. For conve- 
nience and admin- 
istration, the test 
bureau of the 
system engineer- 
ing department is 
organized into 2 
divisions: labora- 
tory, and field 


President A. M. Mac- 
Cutcheon was an in- 


terested and active tests, the names of 
participant which indicate the 
general scope of 

their activities 

and responsibilities. An important function 


of the laboratory division is the maintenance 
of reference standards. Another important 
function is the performance of acceptance 
tests on materials and apparatus. As to the 
research work, new problems constantly are 
arising, each to be dealt with in accordance 
with its requirements and importance. 

In the Hydro-Electric Power Commission 
of Ontario, the testing and research depart- 
ment is responsible for the testing and in- 
spection of all materials and equipment 
purchased, and for the conduct of special in- 
vestigations and research. W.P. Dobson 
pointed out that a comprehensive inspection 
and testing policy is followed and applied 
not only to new material and equipment, but 
also to material in service, with the object of 
detecting signs of failure and of devising re- 
medial measures. Research problems are 
suggested by the difficulties encountered in 
construction and operation, and the work is 
carried on under the general direction of a 
research committee composed of 5 depart- 
ment heads. Projects are assigned to sub- 
committees containing representatives from 
all departments interested. Results ac- 
complished were reported as including im- 
proved methods of operation, improved 
methods of treating materials to prolong 
their life, the development of new specifica- 
tions or improvements of existing specifica- 
tions for the purchase of materials, and the 
development of new equipment for special 
applications. 


DANCING CABLES 


“Dancing” or ‘galloping’? cables on 
transmission and distribution lines have 
been observed under certain weather condi- 
tions for many years. At the Buffalo meeting, 
D.C. Stewart(A ’25, M’35) assistant elec- 
trical engineer for the Buffalo, Niagara, and 
Eastern Power Corporation, presented the re- 
sults of an experimental study of this condi- 
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tion. During dancing periods the cables had 
been observed to oscillate violently with 
amplitudes and motions of alarming pro- 
portions. As the cables do not move in syn- 
chronism, there is a resulting threat of con- 
tact or flashover and consequent interrup- 
tion to service. Mr Stewart, in discussing 
the various theories that have been offered 
mentioned that propounded by A. E. Davi- 
son (A’13) of Toronto at the AIEE conven- 
tion held in that city in June 1930 which 
was to the effect that the wind acting on ir- 
regular icy formations adhering to the cables 
exerts aerodynamic forces that initiate and 
maintain the cable motion. Mr. Stewart 
stated that although this theory failed to 
explain some cases where cable dancing has 
been reported when no ice was on the cable 
it does seem to account for the great bulk of 
reported cases. For his experimental span, 
Mr. Stewart reported the use of a 104-foot 
span of number 4 ACSR 7-strand cable 
strung at right angles to the direction of the 
prevailing wind. To this cable were affixed 
wax formations to simulate ice or snow de- 
posits that had been observed under storm 
conditions when dancing prevailed. With 
special arrangements for observation and 
measurement, Mr. Stewart found that the 
cable on this test span under storm condi- 
tions swung in a path of approximately el- 
liptical proportions and having a vertical 
axis of some 3 feet and a horizontal axis of 
some 2 feet, which swing carried the cable 
at midspan to a point considerably above 
the axis of support at the ends of the span. 
He found also that there was a periodic 
twisting of the conductor to the extent of 
more than 180 degrees above its longitudi- 
nal axis, as it swung in its elliptical path. 
With a wind velocity of about 61 feet per 
second, the cable traveled around its ellipti- 
cal path at an average speed of some 14 feet 
per second. The experimental results re- 
ported were considered to confirm the theory 
that cable dancing results from wind blowing 
against irregular ice formations adhering to 
the cables; further, that the varying 
twists in the cable plays its part in the vi- 
bration phenomena. In the resulting dis- 
cussion it was suggested that electromag- 
netic phenomena sometimes might be re- 
sponsible for the initiation of vibration. 
The scope and character of this discussion 
indicated a broad interest in the problem 
as a possible cause of circuit interruption 
and seemed to indicate conclusively the de- 
sirability of further research and analysis. 


STUDENT TECHNICAL SESSIONS 


Although many students attended the 
other technical sessions, principal student 


attention was focused upon the session de- 
voted to the presentation and discussion of 
the following student papers: 

Tue DESIGN, CONSTRUCTION, AND TESTING OF A 


MINIATURE CATHODE-RAy OscrLLoscopg, N. I. 
Korman, Worcester Polytechnic Institute. 


A TRANSMISSION-LINE SLIDE RULE, R. R. Gay and 
C. H. Hunter, Cornell University. 


TELEVISION, D. O. Wood, Massachusetts Institute 
of Technology. 


A HicH-VoL_TaGE ELECTROSTATIC VOLTMETER, 
E. M. Williams (graduate student), Yale Univer- 
sity. 


Power-Crrcuir FiIrterS FoR A-C GENERATORS, 
Abner Crumb (graduate student) Worcester Poly- 
technic Institute. 


THE ICONOSCOPE, THE EYE OF TELEVISION, S. S. 
Dufford, Rensselaer Polytechnic Institute. 


SINGLE-PHASE RaiLway Morors, W. Malthamer, 
Jr., Rensselaer Polytechnic Institute. 


THE SLIDING ELECTRICAL Contact, D. P. Miles, 
Rensselaer Polytechnic Institute. 


Under the excellent chairmanship of 
R. W. Kunkle, engineering student, Cornell 
University, this busy session was conducted 
with order and dispatch, with the time care- 
fully budgeted between presentations and 
discussions. Many of the approximately 150 
students that attended the session took an 
active part in the discussion of the papers. 

President MacCutcheon, in addressing 
the group, paid tribute to the student au- 
thorsfor the general excellence of their papers, 
and the effectiveness with which they were 
presented, to Student Chairman Kunkle for 
his efficient handling of the meeting, and to 
Professor F. N. Tompkins, counselor of the 
Brown University Student Branch and 
chairman of the student activities committee 
for the North Eastern District meeting 
under whose general supervision the pro- 
gram was arranged and presented. A com- 
mittee of judges made up of Professors A. R. 
Powers of Clarkson, E. A. Walker of Tufts, 
and C. W. Henderson of Syracuse, returned 
the verdict awarding prizes for presentation 
as follows: first, to Mr. Korman; second, to 
Messrs. Gay and Hunter; and third, to Mr. 
Miles. Mr. Williams and Mr. Crumb were 
awarded. honorable mention. 


CONFERENCE ON STUDENT ACTIVITIES 


At a luncheon business conference held Fri- 
day, May 7, a total of 36 persons interested 
in Student Branch activities gathered to- 
gether for a discussion of the problems in- 
cident to that phase of the Institute’s ac- 
tivity in the North Eastern District. This 
group included student and faculty represen- 
tatives from 13 of the 16 Student Branches 
in the North Eastern District, District Sec- 
retary R. G. Lorraine of Schenectady, Edi- 


tor G. R. Henninger of New York, Vice- 
President A. C. Stevens of Schenectady, 
National Secretary H. H. Henline of New 
York, President A. M. MacCutcheon of 
Cleveland, Professor T. H. Morgan of Worces- 
ter Polytechnic Institute, Professor Lynn 
C. Holmes, counselor-elect of the Branch at 
Rensselaer Polytechnic Institute, and the 
following representatives: 


Student Branch Counselors and Alternates 


F. N. Tompkins, Brown University, Providence, 
Re 

A. R. Powers, Clarkson College of Technology, 
Potsdam, N. Y. 

E. M. Strong, Cornell University, Ithaca, N. Y. 
J. D. Cobine, Harvard University, Cambridge, 
Mass. 

W. H. Bliss, University of Maine, Orono 

W. H. Timbie, Massachusetts Institute of Tech- 
nology, Cambridge 

L. W. Hitchcock, University of New Hampshire, 
Durham 

F. M. Sebast, Rensselaer Polytechnic Institute, 
Troy, Ni. Ys 

C. W. Henderson, Syracuse University, N. Y. 

E. A. Walker, Tufts College, Tufts College, Mass. 
E. R. McKee, University of Vermont, Burlington 
Victor Siegfried, Worcester Polytechnic Institute, 
Mass. 

A. G. Conrad, Yale University, New Haven, Conn. 


Student Branch Chairmen or Alternates 


Gerald Smithson, Brown University, Providence, 
Rowe 

J. F. Frazier, Clarkson College of Technology, Pots- 
dam, N. Y. 

F. J. Skinner, Cornell University, Ithaca, N. Y. 

L. P. Winsor, Harvard University, Cambridge, 
Mass. 

H. O. Saunders, Massachusetts Institute of Tech- 
nology, Cambridge 

H. C. Kenneson, University of Maine, Orono 

R. W. Tolles, University of New Hampshire, Dur- 
ham 

J. S. Dufford, Rensselaer Polytechnic Institute, 
Troy, N. Y. 

F. C. Tuck, Syracuse University, N. Y. 

F. A. Spindell, Tufts College, Mass. 

J. R. Tozer, Jr., University of Vermont, Burlington 
R. P. Day, Worcester Polytechnic Institute, Mass. 
R. D. Scott, Yale University, New Haven, Conn. 


Among the various items of business dis- 
cussed, principal attention was given to: 
(a) the desirability of providing more and 
better housing arrangements and entertain- 
ment features for students attending these 
District student conventions; (b) the de- 
sirability of divorcing the student conven- 
tions from District meetings; (c) the ques- 
tion of a proper basis for the competitive 
grading of student papers. 

The weight of student opinion was to the 
effect that adequate attention already is 
being given to the provision of facilities for 
students in connection with District meet- 
ings, and that any further efforts in that 
direction would nullify some of the educa- 
tional benefits accruing to the students by 
virtue of having to do a bit of caring for 
themselves in a strange community, a situa- 
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ttion they all expect to face upon gradua- 
tion. The general consensus of opinion 
among both students and counselors was to 
the effect that electrical engineering students 
do not need to be “spoon fed.’’ Likewise, 
tthe suggestion to separate the student con- 
ventions from the regular District meeting 
program was talked down by a wide margin, 
2 important facts being stressed by several 
speakers: first, that many advantages to 
students from attending such meetings 
would be lost if the opportunity to attend the 
general technical sessions and otherwise 
mingle with the practicing engineers were 
eliminated; second, that any need or desire 
for conclaves devoted wholly to student 
matters could be satisfied by arranging such 
conclaves without interferring with the 
joint District student convention and Dis- 
trict meeting which was regarded as having 
been highly successful over a period of years. 
Referring to the basis for the competitive 
grading of technical papers as published on 
page 492 of the April 1937 issue of ELEc- 
‘TRICAL ENGINEERING, there was a strongly 
expressed and apparently widely held opin- 
ion among Student Branch counselors that 
the published basis was not satisfactorily 
applicable to student papers. Two factors 
were pointed out as being of particular 
significance in connection with the grad- 
ing of student papers: first, ‘‘the broad in- 
tterpretation and importance of ‘original- 
ity’’’; second, ‘“‘the lesser expectancy of 
‘value’ to the profession in student papers 
and the unimportance of attempting to 
segregate it into the present ‘value in its 
field,’ and ‘value to electrical engineering.’ ” 
A committee of counselors that has been 
studying this matter recommended the fol- 
lowing basis for grading student papers: 


Preliminary analysis 20 per cent 
Logical presentation 20 per cent 
Originality in handling subject 20 per cent 
Unity of composition 20 per cent 
Value to electrical engineering 20 per cent 


This report and recommendation was ac- 
cepted by a vote. Also there was expressed 
a desire for continued study of grading “in 
favor of more drastic revision” and Chair- 
man Tompkins was requested to appoint 
a committee for the purpose. 


ENTERTAINMENT—ATTENDANCE 


The principal feature of the entertain- 
ment program at the Buffalo meeting was a 
very nicely arranged dinner held the evening 
of the second day, and departing from com- 
mon practice in that it was not a dinner 
dance. President and Mrs. A. M. MacCut- 
cheon were the guests of honor. Entertain- 
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ment as well as instruction was afforded 
through an interesting demonstration lec- 
ture ‘“Kodachrome Colored Film,” given by 
L. D. Mannes of the Eastman Kodak Coin- 
pany, Rochester, N. Y., co-inventor of a 
color photography process in which a single 
negative comprises 3 successively deposited 
sensitized films, each sensitive te a different 
primary color, and each separated from its 
neighbors by a neutral deposit which en- 
ables the complicated developing process to 
be carried on step-by-step, progressively 
bringing out the several layers, the compos- 
ite of which is an accurate color reproduc- 
tion. The reported attendance was 273. 


District EXECUTIVE COMMITTEE MEETS 


A luncheon meeting of the North Eastern 
District executive committee was held 
Thursday, May 6, during the Buffalo meet- 
ing. After routine matters had been dis- 
posed of, there was considerable discussion 
concerning the registration of professional 
engineers in connection with the discussion 
of the general topic of “‘broadening’’ of 
Institute activities. Pittsfield, Mass., was 
selected as the site for the 1938 District 
meeting. 

The meeting was attended by the follow- 
ing delegates: 

A. C. Stevens, vice-president, AIEE 

R. G. Lorraine, secretary, North Eastern District 
F. N. Tompkins, chairman, District Committee on 
student activities 

R. F, Chamberlain, chairman, Ithaca Section 

C. L. Dawes, chairman, Boston Section 

C. M. Foust, chairman, Schenectady Section 

E. M. Hunter, secretary, Schenectady Section 

K. B. McEachron, chairman, Pittsfield Section 

R. M. Pfalzgraff, chairman, Lynn Section 

H. C. Rankin, chairman, Providence Section 

J. Leo Scanlon, chairman, Niagara Frontier Section 
V. Siegfried, vice-chairman, Worcester Section 

B. M. Werly, secretary, Rochester Section 


The meeting was attended also by Presi- 
dent A. M. MacCutcheon, Chairman W. H. 
Timbie of the Sections committee, National 
Secretary H. H. Henline, Editor G. R. 
Henninger, Chairman V. G. Smith of the 
Toronto, Ontario, Section, Chairman-Elect 
Ralph M. Darrin of the Niagara Frontier 
Section, and B. K. Northrop of the Ithaca 
Section. 

During the dinner meeting, Vice-Presi- 
dent A. C. Stevens announced the following 
winners of District prizes for 1936 technical 
papers, and made awards accordingly: 
(1) for the best Student Branch paper, 
William A. Harry of Cornell, now with the 
Bell Telephone Laboratories; (2) for first 
paper prize, Edgar A. Harty (A’22,M’36) 
in charge of design and manufacture of cop- 
per oxide rectifiers for the General Electric 
Company, Lynn, Mass.; (3) for the best 


News 


paper prize, E. M. Hunter (A’28, M’36) 
central station engineering department, 
General Electric Company, Schenectady, 
N.Y. Details of these awards are covered 
in the formal report on paper prizes pub- 
lished elsewhere in this issue. 

Another interesting demonstration lecture 
was delivered the evening of the first day by 
L. W. W. Morrow (A’13, F’25) general man- 
ager of the fiber products division of the 
Corning Glass Works, Corning, N. Y., on the 
subject of ‘Fibrous Glass.’’ This is a new 
product of amazing characteristics. Al- 
though glass in every sense of the word 
manufactured by a secret process, the fibers 
look and feel not unlike silk, and lend them- 
selves to the manufacture of all manner of 
fabrics through the use of regular textile 
manufacturing machines, in addition to 
having the inherent characteristics of glass, 
such as fireproofness and nonabsorbence of 
liquids. This new product is essentially an 
alloy, as is glass in any form, and has many 
properties similar to metallic alloys. A 
temperature of some 1,200 or 1,400 degrees 
centigrade is required to melt and mix the 
constituents preparatory to drawing the 
fibers. The fibers are about 0.0004 inch in 
diameter, and from 1.5 to 20 inches long, are 
heat-resistant, nonabsorbent, and strong 
(reputedly the equivalent of about a million 
pounds per square inch in the smaller 
fibers). It is a product of recent research 
and already is being used in the manufac- 
ture of textiles, insulating and other tapes, 
insulating pipe coverings, and house insula- 
tion, and the future seems wide open with 
possibilities for application in the manu- 
facture of electrical equipment. 

Registration is reported and analyzed in 
the accompanying tabulation. 


Analysis of Registration at Buffalo Meeting 


Location 


District Other 


Classification Buffalo 1* Districts Totals 
Members.......... Cs ee SOR 44 ool 187 
Students........ Ce peeks TES eas Bi eae 78 
Meniiguests eases Sone Biesee co Da Aion, 68 
Women guests...... Sree erate 5 Dae tes 19 
Totals x..cauae OSes LOS trees: C2 s 352 


* Outside of Buffalo. 


Refrigerating and Air Conditioning Machin- 
ery Manufacturers Meet. The Refrigerat- 
ing Machinery Association met on May 12 
and 13, 1937, at Hot Springs, Va., and im- 
mediately following, on May 14 and 15, 
the Air Conditioning Manufacturers’ As- 
sociation held its annual meeting. 
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Section and Branch Activities 
Annual Report for 1936-37 


Tue following constitutes the annual 
report on Institute Section and Branch 
activities for the fiscal year which ended 
April 30, 1987. Similar information for 
3 preceding fiscal years appeared in ELEc- 
TRICAL ENGINEERING for June 1936, pages 
752-54; June 1935, pages 674-75; and 
June 1934, pages 1027-29. 

The names of our present members of 
the Sections committee and the committee 
on Student Branches, which supervise the 
2 important divisions of Institute activities 
covered by this report, are: Sections—W. 
H. Timbie, chairman, W. M. Dann, Mark 
Eldredge, O. W. Holden, E. T. Mahood, 
H. H. Race, I. M. Stein, and, ex-officio, the 
chairmen of all Sections of the Institute. 
Student Branches—F. Ellis Johnson, chair- 
man, Edward Bennett, L. A. Doggett, E. E. 
Dreese, O. E. Edison, O. W. Eshbach, T. W. 
Fitzgerald, E. A. Loew, Charles F. Scott, 
R. W. Sorensen, and, ex-officio, all Student 
Branch counselors. 


SECTION ACTIVITIES 


The East Tennessee Section was organ- 
ized in September and enthusiastically be- 
gan carrying on a normal amount of ac- 
tivity. This brought the total number of 
Sections to 62. Three prospective new 
Sections are being actively discussed. 

Practically all the 62 Sections carried 
on at least normal amounts of activity, 
and many were unusually active. The 
total nuinber of meetings reported was 
621, or 81 more than the total for the pre- 
ceding year. 

President MacCutcheon visited about 
40 Sections prior to April 30, and will visit 
several others, bringing the total number 
to about 47. He was enthusiastically 
welcomed, and his visits contributed much 
to the success of Section activities. 

The outstanding development in Section 
activities in recent years is the inauguration 
of special types of meetings designed to 
meet as fully as possible the desires of the 
members. Eighteen Sections have adopted 
plans for holding technical group, technical 
committee, special technical, or other types 
of meetings devoted to more highly special- 
ized subjects than those usually presented 
at regular Section meetings. The types 
of such activities usually have been chosen 
after receipt of replies to questionnaires 
requesting members to express their prin- 
cipal technical interests. 

In 3 Sections, Alabama, Montana, and 
Toronto, local group meetings were held 
at points in their territories from which 
few members could attend regular Section 
meetings. 

Table I contains tabular information 
on the meetings of all Sections and of their 
technical groups, technical committees, 
discussion groups, and other subdivisions. 
Information on many of these special ac- 
tivities has appeared in ELEcTRICAL EN- 
GINEERING during the past year. In the 
following statements, particular attention is 
given to some of the more recent develop- 
ments, and especially to those of newer 


types. 
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The Toronto Section established a dis- 
cussion group having as its purpose the 
development of engineers in the prepara- 
tion and presentation of 5-minute talks 
and discussions. Meetings 40 minutes in 
length were held immediately preceding 
regular Section meetings and at the same 


constituted the program of each. It is 
expected that this plan will be continued 
next year for the purpose mentioned and 
also to improve the knowledge of the mem- 
bers in economics and human relations in 
engineering. 

The Toronto Section also formed a tech- 
nical discussion group which met at supper 
on the evenings of Section meetings, and then 
held its discussions between 6:05 and 7:45. 
The general subject was ‘‘Control and Pro- 
tective Practice’; 3 or 4 papers were pre- 
sented at each meeting. 


place. Three talks and general discussion The Seattle Section sent a questionnaire 
Table |. Section Meetings Held During Year Ending April 30, 1937 
' Meetings ' 
Meetings ! Fi % 
AIEE During «3 AIEE Doung ian 
Members Year . Es st ermber nase © gs 
o 
asin aa 
Ye) © Sethu oe = ota 
ro) ° eo eos Oa a o gos 
a a I O as 00 = = ie Aa Ow W© 
= SS yep et che ~ » 6 £8 28a 
+ 4 ® hg aod a o o Pod 3} < 
3 3 2ag oO . b=] = gk = ae A 
bo & &§ 5D ois ~ we 3 oS we 

: 5} a3 Beds og Section 2 3 DS pos 
Section = “22344240 % ec < q Add aaa 
Akrotee.. wanes ee 64.. 67 8 90. .134 Oklahoma City....... 110.2" 1200. ie 2 een 
INADERT Eh ooo nu sean ae 38. 42.. 7..270..643 Philadelphia......... b17>2 (550) VSaeliseeeon 

Muscle Shoals System character- 

DOWEL SUDSTOUD ayer eee en Oe OO ere _ istics group....--....-+-..---- To esa sen 
Atlantay=eese eee Willen 72a Owe T7elO7, | ee etttsbureh Ester eran 379.. 411.. 8..181.. 44 
Baltimoresueecederr Geen Ola al OO Ou : 

vee Pitisheld. ee ccatne: 107.. 121..10..765. .632 
Boston.............. 3787. 386.. 8..172.. 46 Colloquium) series7.245- aeo Seeeee 625 20 tae 
Central Indiana...... 94 ee wLGie toe esac ml Portland............. 92.. 110.. 9.. 82.. 75 
Chicago pinnate ey. Bil. GOB, 7A. BE Illumination 

Power eroup er eee ee ae Ane eet a oe CONPTINEE CE F100 -tateaat oaecea Zecca 

Industrialistoupseeeeeat ent Derails Ura tees Trans. & Dist. com- 

Cincinnati........... 143159009) 2847S peltearepon bobs brn oc éNsc: 3.. 46..... 
Cleveland (nse eee 220.. 245.. 8..134.. 55 Electrochem. and 

Industrial motors Electrometal- 

AGl MOMiea il lurgy com.... Siauavaraneltanes SELOe eee PE ee, 

STOUP ese eee ee eee Sing Wns doe Communication 

Electronics: passin nea S56 BPRS oh committee...............-.2-. 2.. 33..... 
Columbus............ 62.. 63.. 8.. 44.. 70 | Providence........... 85.. 82... 7..112. 137 

Technical lectures..c- ee eee eee LO nae Sere Rochester............ 71 80. .14. 125. .156 
Connecticut.......... PB, ANlos Bo TPB. EG Communication 
Dallas pce a) SOT SO Re Gree 184 5d SOUP... 6 eee eee eee 3.. 18..... 
IDS eSaasocecoccs | WESe5 TEMS ilIOs. WB. 5 Ee Power group...........-.-.-.-. 2. 30..... 

Technical commit- St. Louse seen bran 1827 e20L se onl e fatss 

Mts G0 cin oO Mic CIC ATA tce ce cca a | aresaast 9 Soe * 

5 . igi SanvAnton1o. Fee 26 29 Us 34..117 
Detroit-Ann Arbor. oq PA, PAN IK: CI 2 ¢ CV Se 373 401 9..200.. 50. 

Special Technical Ss ial haieal 

Mesting staan eee: peo b ee Peet Srhimaaee Soyer 

y: MeCtiN Esa edo ee ee ee 5 DOs 
Hast: Tennessee Rj), 2 eect Si Ge 48) VOR cai ciee aa eee 24. 25. Tee aOR 
Etienne aoe oe Ae AG Ps Oe, 5 VC VO Schenectadysanma were 353.. 367..12 219 60 
Blorida ciate utente OOL EES ae 20 eel Technical discus- 
Fort Wayne.......... SOMO Lal 2 Ose Gil SIOMMIMECtIN PS 5 ee eee 40. 50 ee 
Houstoneee. eee G5- mad Onee Okie DOR LG Junior discussion 
LOW See fevsnavets oe cscalacs 50 56.. 8..100..179 STOUP..... ee eee eee ee ee eee 2) One 
le seas dade Hoe Ba 13 D7 5253 
Ithacae ate 50 cued lommrae Jones ee nia 
z ion & dis- 
Kansas City... a. 18455 148. 105.152), 7103 tribution 6.. 28 
Lehigh Valley........ USdiq. Sa Seedi4 62 Comimuninntin cee ae 137 eee 
Los Angeles.......... 385 440.. 9..102 23 oct cata: | hae tia aed 
2 So? soe Fenpeae f ah Da REO eas: Electronics & elec 

Pee aes, Tues tron’ tubes: sean eer oe 4 2054 

cae Se i ng Sn ne RHEE eae OR ONCE BA ve One eon Powerjgenerationsa. rece ee 4 20) ee 
Wotisvillets mmc damien 56.. OO Se O le OUR 20 Sharon. oi ads eee aR 62.. 9.. 99..160 
Lyne Sones Oa nel20e cid 7.878. 8d Technical’ _discus- 

Mechnicalllecturessaaas eee Sree ST atic Silom meetings... +1... 2+. 15s ees 2.. 40..... 
Madison, ante 51.. 48.. 4.. 46.. 96 Spokane............. 44.. 48... 7.. 44.. 92 
Memphis 2 A Pe a ae Bul. 33 10 48. .145 Springfield, IMiassieniate 6De. 68... 9... 6048s 
Mexico..... A ie 66.. 67 5 40.. 60 OYVracusea.. seen 65—. ya Bes 4. .379. .533 
Milwaukee........... 173... -208..11,.177., 85 Toledo. ese ues. 69.. 66..11. 59 89 
Minnesota........... 74 72.. 9 a [103.28 | Toront om earn 286, 5 203 qc1S en 4eeeoo 

Power comimitteeson... aoe are 4 a Nt Auch Discussion group .............. 10), oR ae 
“tapi ny eee 34... 38.. 6 COR OLS Technical discus: 

. Lee eck group....... "| tee ae 3% 17..... Silom ETOUp ata ceee eee S54. 38a 

R18} EEE SEIS COO GICTG 10 CITI CE BR ROO reese) seer erie) eteiceis Hamilton) group siete nee 2. < 165 cen 
New Orleans......... 44.. 50 5 73..146 
N neler 27738, 3.036 5 Wibanasccien ieee 36:.:, 365.) Onn aero 

pli stab ee ey YER NEI EUS eee MI ea Bae els 39.. 41...8.. 40,5120 

CARS LENO GO OTC OOS SE. Oc 45 7..276..... Vancouversa...s. cane S8ine LOTS sO SCONCE 

Promaportetien Virginians ache 86... 90.2) Senna 

PEOUPS <5. tose: aces coerulea Shh Serres 

Communication Washington 2a dye 8! paises 229.. 258.. 8..144.. 56 

STOUDs. Mos ere eee eee ae 4S TOS Leeann Worcester! tings 62... 63. 8.. 94.5149) 

Illumination 

REOUD hy. ceenniantaral oreo ee eres Byes! Whe ar & Total...62....... 10,881 11,822 
Niagara Frontier..... 197) 2OSte oul omen OG Total number of meetings............. 621 
North Carolina....... (82) Sd) eee LOS 30 TLotalvattendancena:as.) ae 74,950 


* Organized September 2, 1936. 
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Table Il. 


Courses of Instruction Offered by Sections 


P Member 
Section Subject Fee Duration Enrollment 
PVA yeu nniare ae FLSCEHORICS EA cr cieun setae Glaus Oi eiaca eke SLOMOO ace October-December......... 21 
New York 
Electrical engineering............. TOO ae se 20 weeks—September...... 53 
(Repeated)—January...... 45 
Powereroup . «. Structural planning and design..... TOOTS acess 20 weeks—September...... 170 
(Repeated)—January...... 200 
epee CONtrONECEUFES 5.06.5» PANU Sn crete Siweekson acura ow cette ae 120 
’ Bubliespeaking yrersatessrtite selstel ent 5: OORe 16 weeks—September...... We 
Communication (Repeated)—January..... 15 
SLOW cc ielsers ccs Blectronics lectures... ..060.05000% OU et na: « 8. Week. cae cent earn eure 300 
Niagara Frontier....Applied structural design..........0.. +s eeeeee October=Jantlary... ..o ten 50 
Philadelphia........ Electrical theory review..........-- 15:00 oe. September-May.......... 23 
Mathematics review... .....++-- UBVOO aemecyear September-May........... 25 
Electronics (répeat): cis. cies a ve 22 OO ers ape Vantiary Mays, penis erauietere: 27 
ARTY 2 COULSES 24 cee sees vc 25.00 
Springfield)..0. 35.0... Blectromics ss. 5.2 ees ae esse 0) OO asec. JaniwtaryVia vey emer srett ets 30 
RViANCOLMVER: coi. ous: Electronics and electron tubes..... HOO ee ieee ZOMweeks Micra nu nee satecs ists, 27 


to its members and to the members of the 
University of Washington Branch, in Oc- 
tober 1936, asking whether they would be 
interested in taking part in technical group 
meetings devoted to 6 subjects which were 
named or to other subjects which they were 
invited to suggest. After a tabulation of 
the responses, the executive committee 
decided to organize technical groups cover- 
ing the 4 subjects in which the greatest 
interest had been shown: transmission and 
distribution, power generation, communi- 
cation, and electronics and electron tubes. 
Free discussion was encouraged. Attend- 
ance was very good, comparable in many 
cases with that at regular Section meetings. 

The Schenectady Section junior dis- 
cussion group held dinner meetings to which 
the younger members of the local Sections 
of several engineering societies were in- 
vited. Opportunities were presented for 
open discussions on technical and general 
subjects. It also held a technical discus- 
sion series of dinner meetings for members 
of the Sections. Subjects were chosen by 
use of a postal card interest finder. 

The Columbus Section held a series of 
lectures on technical subjects of special 
interest to its members. 

The Pittsfield Section held a colloquium 
series for brief presentations by specialists 
of published papers of interest to electrical 
engineers and general discussions of them. 

The Philadelphia Section arranged near 
the end of the year for 2 technical dis- 
cussion groups: one on system characteris- 
tics under fault conditions, the other on 
industrial applications of electricity. 

The Rochester Section organized com- 
‘munication and power groups. 

The power group of the Chicago Section 


Table III. Section Meetings Held During 
Last 3 Fiscal Years 
Fiscal Year Ending April 30 
1935 1936 1937 
‘Number of Sections. . CHW cies hl. e.g 62 
"Number of meetings 
eld votes cn cienseh BL an Be) oe Cura! 
Average number of 
meetings........-. Sie. 8.9. 10.0 
-Total attendance..... 73,381 ..85,501 . "74,950 
_Average attendance 
per meeting........ J41 4; L538: 121 
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continued its work with notable success, 
and an industrial group was formed. 

The Cleveland Section continued its 
industrial motor and control group, and 
organized an electronics group. 

The Denver Section organized a technical 
committee, and the Detroit-Ann Arbor 


Table IV. Branch Meetings Held During 
Year Ending April 30, 1937 


Meetings 
During 
Year 


Branch 


Number 

Average 
Attendance 
Approx. No. of 
Talks by Students 


Akron, University of; 7. ..<.0 0-00 6 
Alabama Polytechnic Institute...14.... ie 
Alabama, University of.......... VO ere DA er le 
30 
20 


Arizona, University of 


Arkansas, University of.......... 20.-..19 
Armour Institute of Technology..12.... 35.... 2 
British Columbia, Univ. of...... 8. 22 nee Le 
Brooklyn, Polytechnic Inst. of... 8. ‘101. ot ae dh 
Brown Oniviersitysr. cere ws re. a 572... 
Bucknell Universityircsase eo er oe emnel 
California Institute of Tech- 

MOLOZ Veeeyscie ie hres ayerae An Oe kee 
California, University of.........22.... 62....15 
Carnegie Institute of Tech....... PRT rier 6) Etec UA) 
Case School of Applied Science...28.... 54....56 
Catholic University of America... 1.... 9....— 
Cincinnati, University of........ Bip shane 4enen te 
Clarkson College of Technology. .10.... 20....— 
Clemson Agricultural College....10.... 41....138 
Colorado State Agri. College..... 6.... 7....4 
Colorado, University of......... Vike kOe 
Columbia University*.....2-+65- Q..-. 20.0580 
Cooper Union 

Way division nmr anak Vit te Das eo: 

Evening division.............. Trea tO 
Coriell University: ony. means ear PRONG Ars 
Denver, University of........... WS ee 22 See, 
Detroit, University of........... Sines Oe 
Drexel Institute... .-4....-:..-. Wey ce) Mes aolke) 
Duke WNLVersitymrnniee dave leieuerae Oe aa 6 yao ae!) 
Florida, University of........... css Oa rES. 
George Washington University... 8.... 27.... 10 
Georgia School of Technology.... 7.... Ologenaen 
Harvard University...........:. Saco Oak 
Idaho, University of............ edieeigioae Uf 
Illinois, University of............12.... 75.... 6 
Towa state Colleceqq mane e cl Olen OOM ie 
lowa, University of...........-- 269 oom. 20 
Johns Hopkins University....... OP San PA ase 
Kansas State College............15.... 95....20 
Kansas, University of..........- Qe 40%r re LO 
Kentucky, University of.........24.... 50.... 6 
Lafayette College............-.- Grimm aL Oe teyerel © 

News 


WwehieheUiivetsit yin meine i Vist dene OF ees 
Wewss Mstitite.....00 atieies ae ser OF ca t00) es 
Louisiana State University...... NR Od osm 48) 
Louisville, University of......... Olsen LORS ce 
Maine, University of............ Bede cos 
Marquette University...........11.... 57....> 
Maryland, University of......... LOW) 4357 LO 
Massachusetts Inst. of Tech..... Bare B4cn eG 
Michigan College of Min. & 

WR beara 6 Gone Td os omonDao Uae 43 3 
Michigan State College.......... LOR. 30 4 
Michigan, University of......... 10m: 23 oemae 
Milwaukee School of Engineer- 

ing. Tl bne nal OL pees Oceroerene 
Minnesota, iaiversiey: OE Se Aacaetotone Tee OS re 
Mississippi State College.........15.... 15....10 
Missouri School of Mines & ‘Met. Oita 4 Ole eo 
Missouri, University of..........10.... 48.... 6 
Montana State College.......... 26. «sci oeerOo) 
Nebraska, University of......... 1462 9 ae 
Nevada, University of........... 87.2 eee Ores —— 
Newark College of Engineering... 4.... 35.... 6 
New Hampshire, University of...21.... 20....28 
New Mexico, University of.....- 10.4.5, 1438 
New York, College of the City of 

Day iGivistone see pee cere BY pote. 7 eréor ch 2 

Evenineydivisiont: mee sete Le err ee 
New York University 

Day divisions are ts ee Sienna SiUoeionde 

Evening division. Sahepara het) ake ee 
North Carolina State College. Ne Der oO eames 
North Carolina, University of....12.... 18....10 
North Dakota State College..... (ace aed Haven cate (3) 
North Dakota, University of..... 14s a Lae 
Northeastern University......... Oran 40 Sree 
Notre Dame, University of...... Sr. 7 .2Omee LO) 
Ohio Northern University........ Peres, Beno i) 
Ohio State University..........- LOS. Cite oe 
Obi1oeU iv ersit Vier. kre eee Qiries, Ole ee 
Oklahoma A. & M. College...... V3iiee ache O 
Oklahoma, University of........ 65a hee O a eee 
Oregon State College............ 6.... 47.... 3 
Pennsylvania State College...... 1 Soe 40a eed 
Pennsylvania, University of...... Dott Later 1G. 
Pittsburgh, University of........ D3 pacr OSs 
Porto Rico, University of........ eee) See 
Prattelnstitute.nepietrecae eet LO OS scree 
Princeton University............ 2. US sac 
Purdue University.. a2 “107. ao 
Rensselaer Polytechnic Tarstiete! 7.. Peery ay eee cas es} 
Rhode Island State College...... GWore Meoncoo—— 
Rice) [Stites veterietokeer stakes enerets 6itnanes aeons 
Rose Polytechnic Institute....... Vis des BeNeo Bl 
Rutgers) Usiversttys ante er 10 Ss. Loe) 
Santa Clara, University of.......21.--. 392.22 2 
South Carolina sUniversity, Ofer) G1) tment 
South Dakota State College..... 13 EW fees oi Wy 
South Dakota State School of 

Minese.k)s awerrotrcrimuernsras micro LON ene 4 
Southern California, Univ. of....11.... 25.... 2 
Southern Methodist University... 7.... 23.... 4 
Stanford University...) <-> oe Ta ook sas to 
Stevens Institute of Technology... 8.... 82....— 
Swarthmore College. ....5...02.0: Senco Le 
Syractise Universityac ore Sil.s Sete Dupe ree 
Tennessee, University of......... eee eh ieteccy a! 
Mexas noc C Olle SC eeseeeatereuces Savanah neet ro 
Texas Technological College..... WE eae 1S oo ot bes 
Texas, University of............ Nes srs cece if 
“Mikes Colleges ire ces amtete oun eielenetets Siissig GOs ene 
Dulane iUniversityte. aoa eerrere es 4 iatap 2O ee a! 
Union Collegejaer tise ccs sere creer 4, ae 20 
Utahs University oftec. 2s nr O21 Q9e ewe 2: 
Vermont, University of.......... (hose etseso— 
Villanova College... 6... 6a. os 1 Weert re a 
Virginia Military Institute....... D2 et ODO) 
Virginia Polytechnic Institute. ...25.... 35....39 
Virginia, University of........... eae ADS a5 6G) 
Washington, State College of....12.... 23.... 5 
Washington, University of.......12.... 36....11 
Washington University..........13.... 24....— 
West Virginia University........ iW iroce wafer ol Keyl 
Wisconsin, University of......... Gees OO meena 
Worcester Polytechnic Institute... 4.... 42.... 5 
Wyoming, University of......... Ce ty a ai iats) 
WalemWiniversitvaen scriteteretoeraerats Barion 82Sler rms: 

TOtAN cee lll O) gia Ou rete exes eae ee eer me 1,130 

Total number of meetings............. 1,363 

TotaljattendancCe se jcpisicesierere ere sere ins 46,121 


* Authorized by Board of Directors January 26, 
1937. 
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Table V. Branch Meetings Held During Sections that have been sponsoring Table VII. Student Conventions 
Last 3 Fiscal Years student conventions and holding joint Sie, eee 


< = es, I ee ce meetings with neighboring Branches con- 
tinued the arrangements. The Baltimore Sponbiredry Nore 
Fiscal Year Ending April 30 ree SUE es ; District Student 
a got oe Section sponsored a convention of the or Section Location Date Papers 
1935 1936 1937 Student Branches in the eastern part of 
— oo District 2 on April 19, 1937. AaY. 
Ni abenenibimchos.. 117 La TS eT O Table II contains information regarding Moles ee ashe pau 
Number of meetings courses of instruction offered by 6 Sections. etteville..0....,« 5/1/80 eee 13 
N held....... Ser 2 986 .. 1,045 .. 1,363 In some cases the courses are open to non- \heltea eet New Haven, 
Average imber o : es 
eae : ae - members at higher fees. The fees were Conn. (North 
HCO SS ys nvottalederets 8.4.. 8.9... 11.5 ‘ Eastern Dis- 
Total attendance..... 36,629 ..45,304 ..46,121 established at amounts that would meet trict mite ene 5/8/36...... 9 
Average attendance ce ae the expenses involved. The Philadelphia 8 & 9....Pasadena, Calif, 
Monier cane. 87. 43. 33-8 Section reported that its courses have been (Summer con- 
ei C ee 708 .. 772 ..°1,130 valuable in building up interest in the 7 ee te 
—— Section, and have been responsible for § © (South West 
obtaining a considerable number of new District mtg.)...10/27/36..... 9 
Beha members and reinstatements. ther Sec- ‘Pittsburgh 
Table VI. Conferences on Student Activities z % : Oth 2 Se 7 Section,. Pittsburgh, Pa..... 11/12/37 eee 6. 
tions reported keen and well-sustained in- 4 Mapa ot. 
=z ae a terest in the courses. technic Insti- 
eetae shen ert Table III contains numerical informa- tute, Auburn, 
or section a ag tion on Section meetings held during the auneee Pile i ols Saas BENE g 350 5» 6 
Ty past 3 years. Section...Johns Hopkins 
Uirentinbiese University of Arkansas, University, 
Fayetteville.......... 5/2/36 p Baltimore, Md. 4/19/37..... 4 
een New Haven, Conn. Brancu ACTIVITIES New York 
(North Eastern Dis- Section...New York Uni- 
ey ae ees - 5/8/36 Two new Student Branches were organ- bie New ey 
Ge ON err asadena, Calif. (Sum- . : x ? ‘ : ViOrk, Nea ycaeai 4/28/30 save 5 
aeRO Centon) 2am en 6/23/36 ized during the year, one at Columbia 
i eee Dallas, Texas (South University, New York, N. Y., on Feb- 
West District mtg.)...10/27/36 ruary 19, and the other at Tulane Uni- 
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held during the year, as reported to head- talks, and this phase of the activities 
quarters, was 1,368, by far the largest should receive more attention in the future. 
number ever held in a fiscal year. The Students have continued to show very 


and Los Angeles Sections adopted plans 
for special technical meetings. The Lynn 
Section had several technical lectures. 
The Minnesota Section formed a power 
committee in the spring of 1936. The 
communication, illumination, power, and 
transportation groups of the New York 
Section continued their highly effective Table VIII. Section or Joint Section and Branch Meetings With Active Student Participation 
activities. The Portland Section com- ENGI ES en hee ee asa! 
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764 News ELECTRICAL ENGINEERING; 


keen interest in opportunities to take part 
in joint Section and Branch meetings and 
in student conventions. Details regarding 
such meetings appear in tables VII and 
VIII. 

Students presented 9 papers in one ses- 
sion of the North Eastern District meeting 
in New Haven, Conn., May 6-9, 1936; 
10 papers in 2 sessions of the combined 
summer and Pacific Coast convention in 
Pasadena, Calif., June 22-26, 1936; and 
9 papers in 2 sessions of the South West 
District meeting in Dallas, Texas, October 
26-28, 1936. They have keenly appre- 
ciated these opportunities, and the quality 
of material and the presentations has in- 
spired numerous favorable comments by 
Institute members. 

About 54% (674) of the Enrolled Stu- 
dents whose terms expired on April 30, 
1937 (1,253) applied for admission as As- 
sociates, this being the highest percentage 
during the past several years. 


Engineers’ Club Organized 
at Fort Wayne, Ind. 


To provide a medium “for closer co-oper- 
ation in the engineering profession” in Fort 
Wayne, Ind., the Fort Wayne Engineers’ 
Club has been organized. Many members 
of the AIEE Fort Wayne Section have 
played important parts in formulating the 
organization plans according to Section 
Chairman D. H. Hanson who supplied the 
information for this news item. Although 
its organization meeting was held in January 
of this year, the club already has some 350 
members representing all branches of the 
profession and all industries and utilities in 
the Fort Wayne area. 

The primary objects of the club are: “(1) 
The advancement of the arts and sciences 
connected with engineering by the presenta- 
tion and discussion of subjects, and by the 
participation in matters of interest to the 
engineering profession; (2) to advance the 
interest of individual members and to en- 
hance the prestige of the profession within 
the community; and (3) to promote closer 
union and co-operation among the members 
by professional and_ social intercourse.” 
Civic co-operation is said to be one of its 
chief purposes. 

As temporary officers, the following have 
been serving: 


President: H. M. Witherow (A’28, M’36) elec- 
trical engineer, General Electric Company, past- 
chairman (1935-36) of the Fort Wayne Section. 


Vice-President: W. M. Carroll, mechanical engi- 
neer, S. F. Bowser Company. 


Secretary: P. H. Daily, chemical engineer, Inter- 
national Harvester Company. 


Treasurer: 
Fort Wayne. 


Otto Gumpper, civil engineer, City of 


Temporary Directors: J. 1. Cornell, radio engineer, 
Magnavox Company; M. H. Merritt, chemical 
engineer, Kopper’s Construction Company; Ale 
Kuttler, automatic engineer, International Har- 
vester Company; E. W. E. Kamm, engineer and 
patent attorney, S. F. Bowser Company; L. D. 
Nordstrum (A’04, M’13) electrical engineer, Gen- 
eral Electric Company (Section chairman 1914-15); 
and John McKay, civil engineer, Indiana Service 
Company. 


Regular election will take place at the May 
meeting of the club. 
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Engineering Society Room 


Constructed at Brown University 


To MEET the need of a social room for 
engineering students at Brown University, 
Providence, R. I., a small classroom was re- 
modeled in such manner as to make it an at- 
tractive meeting and lounging place. This 
room, located in the engineering building, is 
the headquarters of the student engineering 
societies, and as such forms the natural 
social center for all engineering students at 
the university. The following description of 
the project was supplied by Professor Fred- 
erick N. Tompkins, counselor of the AIEE 
Brown University Branch: 

The engineering society organization, as 
operating at Brown, closely follows that of 
the Providence Engineering Society. The 
parent society is the Brown Engineering 
Society, to which all engineering students 
are eligible and which serves as a co-ordinat- 
ing society for the branches of the AIEE, 
ASME, and ASCE. Practically all the 
juniors and seniors join one of the branches 
of the national societies while the freshmen 
and sophomores seldom do so. Thus, since 
members of the branches are automatically 
members of the Brown Engineering Society, 
membership adapted to all students is pro- 
vided. Joint meetings are almost always 
held, small meetings taking place in the so- 
ciety room, larger gatherings in one of the 
class rooms; and several times each year an 
evening meeting, including dinner, is held at 
the University Camp, which is in the coun- 
try within easy motoring distance of Provi- 
dence. 

As the money for this project was limited, 
student help was used in the construction 
under the guidance of members of the staff. 
An old colonial design was decided upon, 
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’ ceiling was hung from the orginal. 


and since the room was originally part of a 
laboratory with a very high ceiling and walls 
of whitefaced brick, a total reconstruction 
was necessary. A new beamed and paneled 
The 
panels, which are of Celotex, lift out since 
the piping and wiring above may need serv- 
icing at some time. The walls were 
sheathed with knotty pine laid vertically, 
boxes and grills being built around the ex- 
isting heating coils on two walls. The 
windows originally were not built to be 
opened, swinging transoms being provided 
at the top for ventilation. As the new ceil- 
ing was dropped below these, it was neces- 
sary to rebuild the windows to the casement 
type and they were fitted with attractive 
drapes. 

A lally column support for the floor above 
was boxed in and a leather-covered seat 
built around its base, thus removing what 
otherwise would have been an eyesore and 
detriment to the appearance of the room. 
The walls were stained with a mixture of oak 
and walnut stain and finished with a hand- 
rubbed wax finish. The door did not fit 
the architecture of the room, so that it was 
sheathed to correspond and fitted with hand- 
made antique latches. 

Special hand-made ceiling lighting units 
and antique-type wall brackets were made by 
a member of the staff who makes a hobby of 
constructing such material. The question 
of suitable furniture then arose; it was de- 
cided to buy Windsor chairs, but to make 
the other pieces in so far as possible. Suit- 
able reading and study tables were designed 
and built, as was a ping-pong table. 

A suitable floor covering for the concrete 


A view of the engineering society room at Brown University 


News 


765 


floor being beyond the budget possibilities 
at the time, the floor was filled and painted 
to serve until some future date when a lin- 
oleum covering could be purchased. 

This room represents one of the finest in- 
vestments ever made from the standpoint 
of student morale and usefulness. It is in 
use nearly all the time and is of particular 
help to freshmen and sophomores who, since 
they do not have much work in the labora- 
tories of the engineering division, are apt to 
feel a lack of contact with their fellow stu- 
dents, particularly with upper classmen. 


Telephone Building 
for 1939 World's Fair 


The American Telephone & Telegraph 
Company, through its president, Walter S. 
Gifford (A’16), has contracted with the 
New York World’s Fair Corporation for a 
building site of more than 8 acres for an 
exhibit at the fair in 19389. “We plan to 
erect an imposing structure on the site 
allocated to us,’ Mr. Gifford said. “In- 
spired by the theme of the fair (‘building 
the world of tomorrow’), we intend to con- 
struct a building in which we shall give 
exhibitions of the fascinating forces under- 
lying modern electrical communications. 

. The fair will give our industry the 
opportunity to tell our story to millions of 
visitors, and when the fair opens its gates 
I am sure that the roster of industrial 
America will be there blazing the trail to 
a better tomorrow.”’ 

The agreement is the first exhibit con- 
tract into which the fair corporation has 
entered; an area of about 75 acres is avail- 
able for private buildings and is expected 
to be allocated to exhibitors by similar 
contracts. Other exhibit space will be 
available in buildings to be erected by the 
corporation. The cornerstone of the $900,- 
000 administration building, the first to be 
erected on the site of the fair at Flushing 
Meadow in the borough of Queens, was 
laid April 27, 1937. 


NEMA Welding Section 
Aids AWS Expansion 


The electric welding section of the Na- 
tional Electrical Manufacturers Associa- 
tion, recognizing the important functions 
of the American Welding Society as a 
technical spokesman for the welding in- 
dustry, voted at its January 1937 meeting 
to furnish financial support to the extent 
of $10,000 for the expansion program which 
the AWS recently proposed. A matter of 
immediate importance is the co-ordination 
of tests of men, machines, and filler metal, 
so as to relieve some of the unnecessary 
burden which a great duplication of test 
requirements has brought about. 

At the March meeting of the NEMA 
welding section a co-ordinating committee 
was appointed to work with the manage- 
ment committee of the AWS and to make 
the fund available as it is required for 
support of the new activities. 
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American Exaanecrurs @ounar 


Report of Patents Committee 


as Adopted by AEC Assembly 


A REPORT of the patents committee of 
American Engineering Council for the year 
1936, as adopted by the assembly of AEC 
at its annual meeting held January 15, 
1937, is presented herewith. In approving 
the report, the assembly left to action of its 
executive committee the matter of a budget 
for financing further studies subject. The 
personnel of the AEC patents committee for 
1936 was: R.S. McBride, chairman; David 
Beecroft, J. H. Critchett, William Gros- 
venor, F. B. Jewitt (A’03, F’12, past-presi- 
dent) and Warner Seely. Full text of the 
report follows: 

The committee on patents during 1936 
considered the 2 major problems assigned to 
it by action of the assembly in January 1936, 
and has given brief attention to various 
legislative hearings and proposed Federal 
enactments. By correspondence and con- 
ference the committee has formulated cer- 
tain recommendations which it suggests as a 
basis for action of the staff of the Council 
during the coming legislative session. It 
also recommends a somewhat modified plan 
for future work of the committee. 

A number of bills were introduced in the 
last session of Congress and Congressional 
hearings held with a view to determining 
what Congress might do to regulate pooling 
or cross-licensing of patents. Additional 
proposals of legislation are contemplated 
in the next session of Congress. Explora- 
tion of this field leads the committee to 
renew the recommendations of last year and 
to suggest the adoption of the following 
resolution by the assembly: 


1. American Engineering Council opposes enact- 
ment of any forms of legislation thus far introduced 
into Congress to limit or to regulate pooling or 
cross-licensing of patents. 

The committee feels that the public in- 
terest has been much more served than 
harmed by patent pools and by cross-licens- 
ing. Such evils as may have been experi- 
enced would not have been corrected by any 
of the proposed forms of legislation. The 
committee feels that administration of pres- 
ent laws, including proper and reasonable 
application of antitrust legislation, would 
suffice to correct those types of evils of pool- 
ing which have been disclosed or charged as 
bad practice. 

Further investigation of this important 
subject is necessary. It will require consid- 
erable work, first in the gathering of infor- 
mation as to past experience of successful 
pools and cross-licensing plans. The com- 
mittee believes that such study should be 
made the major activity of the committee 
on patents during 1937, and recommends 
the following resolution: 


2. American Engineering Council should provide 
as a part of the 1937 budget a small allotment of 
funds in order that specialists and clerical assistance 
can be secured to make a survey of past experience 
as the basis of a further study by the patents com- 
mittee on the subject of pooling and cross-licensing 
of patents. 


News 


At its last annual meeting the assembly of 
the American Engineering Council expressed 
its support for the idea of the single Court of 
Patent Appeals. A definite bill providing 
for such a court was introduced in the last 
Congress. Such bill will be reintroduced, 
probably in several modified forms. The 
committee believes that Council should give 
support to the general idea, with such limi- 
tations as should be suggested in order to 
secure the highest standard of technical pro- 
ficiency in the selection of judges, by the 
following resolution: 


3. American Engineering Council reiterates its 
approval of the proposed single Court of Patent 
Appeals to review decisions of the lower courts as 
applied to facts presented to the lower courts but 
not for introduction of new evidence. It looks with 
favor upon the idea of having the judges named to 
such court selected by the President only after 
careful review of their special and technical com- 
petence with the advice of the engineering and 
scientific societies as well as advice of the patent 
bar and the legal profession. 


Scientific advisers to the courts have beem 
recommended by a number of agencies, but 
not all with the same purpose. Most often 
quoted is the suggestion of a special patents 
committee of the Science Advisory Board. 
That committee recommended that scientific 
advisers be made available to aid trial court 
justices. In this conclusion the committee 
agrees. The patents committee looks with 
some favor on such an idea if a suitable 
method of selecting advisers free from pre- 
conceived opinions were fixed and if a suf- 
ficiently diversified list of skilled scientific 
and engineering talent were made available. 
However, the committee has doubted the 
wisdom of having such scientific advisers 
named permanently as a part of a new single 
Court of Patent Appeals. It feels that the 
idea of naming 3 such advisers who would 
serve for all classes of cases would not afford 
such highly skilled aid in all divisions of 
science and technology as courts really re- 
quire. Furthermore, the committee gravely 
questions whether an appellate court could 
properly utilize scientific advisers under 
circumstances that would deny to the liti- 
gants all right of examination or cross-ex- 
amination of such witnesses as to their ex- 
perience, disinterestedness, reasons for their 
recommendations, and factual basis for 
their opinions. The committee recommends 
the following resolution: 


4. American Engineering Council recommends 
that no provision be made for the naming of scien- 
tific advisers to the proposed Court of Patent Ap- 
peals. 


A wide variety of legislative proposals 
were before the last Congress intending 
limitation of life of patents or restriction on 
freedom of use of patents by owners. Among 
the varied subjects of legislation were the 
following: (a) taxation during nonuse, and 
at increasing rates; (b) compulsory working; 
(¢) compulsory licensing; (d) prompt (3- 
year) final action in the Patent Office; 
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(e) publicity in the Patent Office 3 years 
from the date of filing; (f) expiration of 
patents 20 years from date of filing; (g) 
free Government use of patents and freedom 
of Government infringement in times of 
emergency; (h) provision for Government 
employees patents, with or without free 
public use; (7) validation of patents 5 years 
after issue, if uncontested. 


The committee on patents is unanimously 
opposed to all these legislative proposals 
under present circumstances. It believes 
Council should take some formal action re- 
garding these matters on the following lines: 


ae American Engineering Council opposes all the 
various types of proposals which would restrict the 
freedom of owners of patents to use them construc- 
tively under present laws. It opposes them as not 
necessary for the public welfare, aud prospectively 
objectionable both from the standpoint of the in- 
ventor and the public need for stimulation of prog- 
ress by inventions. It regards such offenses as 
are now charged against the patent system as the 
result of defects in administration of present laws 
and not as evidence of the need for more legisla- 
tion. 

The committee believes that every effort 
should be made by industry as well as by 
the engineering profession to increase the 
presumption of validity of patents as issued. 
It feels that engineers generally should as- 
sist patent examiners whenever possible to 
keep abreast of the arts with respect to 
which they are examining patent applica- 
tions. The committee has not found any 
legislation, proposed to date, sufficiently 
constructive to feel that it deserves support 
of the American Engineering Council. It 
does, however, hope that some means may 
be developed for increasing the standards of 
competence and experience of the staff of 
examiners. 

Most promising of the proposals for this 
purpose thus far presented appears to be 
the suggestion that the number of higher 
rank and better paid examiners be increased, 
if necessary at the expense of the number of 
junior examiners engaged. By this change 
it is hoped that the more competent and 
efficient members of the examiner’s staff 
may be advanced in salary and positions 
more rapidly. It is hoped that there would 
then be less tendency for the better members 
of the examiner’s staff to resign from the 
Patent Office early in their career because of 
unwarranted delay before promotion, such 
as now often experienced. 

The committee does not believe that this 
matter requires formal action but does sug- 
gest that the membership of the engineering 
profession can well give encouragement to 
this or any other means found practical for 
advancing the standards and increasing the 
technical knowledge of the Patent Office 
staff. 


Standards 


Railway Motors 


A complete revision of AIEE Standard 
No. 11, “Railway Motors” has been com- 
pleted by a sectional committee working 
under the rules of procedure of the American 
Standards Association and the sponsorship 
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of the Institute. The new American stand- 
ard is now available in pamphlet form; 
it is known as No. 11 ‘Railway Motors and 
Other Rotating Electrical Machinery for 
Rail Cars and Locomotives,’’ the new title 
being indicative of the increased scope of 
the standard. 

A detailed description of the changes that 
have taken place was covered in an article 
published in ELrcTRICAL ENGINEERING, 
March 1936, pages 312-13 Copies of the 
standard are available at 50 cents each with 
50 per cent discount to members on single 
copies. Address AIEE, 33 West 39th 
Street, New York, N. Y 


Wires and Cables 


In the standards for wires and cables 8 
new specifications have been added, 5 of 
these representing entirely new develop- 
ments and 3 being extensive revisions of 
former standards. All have the status of 
American Standard or Tentative Standard. 
A listing of the 8 follows: 

Nos. C8.5, C8.6, C8.7 (published as one 
pamphlet superseding former AIEE Nos. 
69, 70, and 71) Cotton Covered, Silk Cov- 
ered, and Enameled Round Copper Magnet 
Wire, respectively. Price 30 cents per copy 
with 50 per cent discount to members on 
single copies. Address AIEE, 33 West 
39th Street, New York, N. Y. 

C8.11 Code Rubber Insulation for Wire and 
Cable for General Purposes is based on the 
requirements for the rubber insulation in 
the Underwriters’ Laboratories’ Standard 
for Code Wire. It is in agreement with the 
1936 edition of that standard. Price 20 
cents each with 50 per cent discount to 
members on single copies. Address AIEE, 
383 West 39th Street, New York, N. Y. 

C8.12 Cotton Braid for Insulated Wire 
and Cable for General Purposes. These 
specifications cover braids as applied to 
rubber and varnished cloth insulated wires 
and cables. They do not cover “fancy’”’ or 
special braids or braids for fixture wire or 
weather resisting wire and cable. Three 
classes of braids are covered, namely: 
heavy, for outdoor or rough service; stand- 
ard, for indoor or protected service; and 
code, for installation under the National 
Electric Code. Price 20 cents each with 
50 per cent discount to members on single 
copies. Address AIEE, 33 West 39th 
Street, New York, N. Y. 

C8.16 Tree Wire Coverings. Tree wire 
is a cable having a solid or stranded conduc- 
tor insulated with a material such as a rub- 
ber compound and having a weather- and 
abrasion-resistant covering. These specifi- 
cations provide that the coverings shall be 
of such quality and characteristics that they 
will not substantially deteriorate with age 
and proper usage except for a minimum 
amount of wear due to rubbing against the 
branches of trees. Price 20 cents each with 
50 per cent discount to members on single 
copies. Address AIEE, 33 West 39th 
Street, New York, N. Y. 

C8.17 Class OA 30 Per Cent Rubber Insula- 
tion for Wire and Cable for General Purposes. 
This new standard corresponds to the insula- 
tion requirements in ASTM Standard A27- 
55T entitled “Insulated Wire and Cable: 
Class OA 30 Per Cent, Hevea Rubber Com- 
pound.’”’ The clauses with respect to thick- 
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ness, chemical requirements, and electrical 
requirements are identical with those for 
Class A 30 Per Cent Compound (C8.4— 
former AIEE No. 63), but the tensile 
strength and elongation requirements are 
somewhat higher. Also, there are 2 addi- 
tional tests not in the class A standard: 
namely, moisture absorption and accelerated 
aging. Price 20 cents each with 650 per 
cent discount to members on single copies. 
Address AIEE, 33 West 39th Street, New 
Work, Ni. Ye 

C8.18 Weather Resistant Wire and Cable 
URC Type. These specifications cover 
weather-resistant (weatherproof) wire and 
cable, the conductors, the materials used for 
the fibrous coverings, and the saturating 
and finishing compounds. They are a 
further development of specifications origin- 
ally proposed to the industry by the Utilities 
Research Commission, Inc. Price 20 cents 
each with 50 per cent discount to members 
on single copies. Address AIEE, 33 West 
39th Street, New York, N. Y. 


Indicating Electrical Measuring Instru- 
ments and Instrument Transformers. 
This new publication issued by the Na- 
tional Electrical Manufacturers Associa- 
tion contains the material, revised and aug- 
mented that was iast published in the 
NEMA apparatus standards. Of particu- 
lar interest are the new sections devoted to 
standard dimensions of ‘indicating instru- 
ments and the accuracy limits of current and 
potential transformers. Price 60 cents 
each. Address National Electrical Manu- 
facturers Association, 155 East 44th St., 
New York, N. Y. 


Household Electric Refrigerator Standards. 
This pamphlet published by the National 
Electrical Manufacturers Association covers 
household electric refrigerators and in- 
cludes such material as the standard method 
of computing gross volume and food-shelf 
area, and also the test code for conducting 
and reporting such tests as ‘“‘no load’’ and 
‘ice making.” Price 40 cents each. Ad- 
dress National Electrical Manufacturers 
Association, 155 East 44th Street, New 
SVorlkwNeave 


Test Code on Apparatus Noise Measure- 
ment. Thestandards committee on April 30 
authorized the publication of a “Proposed 
Test Code for Apparatus Noise Measure- 
ment.’’ This code has been prepared under 
the auspices of the subcommittee on sound 
of the AIEE standards committee, P. L. 
Alger, chairman. This test code is intended 
for use as a guide in the measurement of 
sound levels and the investigation of the 
various elements that contribute to the 
total noise produced. It is an aid to the 
establishment of reasonably uniform meth- 
ods of conducting and reporting sound-level 
tests, so that results will be of value for 
record and will be comparable with tests 
made at other times and places. As soon 
as it is possible to complete the work of 
publication, notice of availability of the 
code will be made. 


767 


USE 


Port Washington plant of the Milwaukee (Wis.) Electric Railway and Light Company, which may 


be visited by those attending the Institute's 1937 Summer Convention. 


For the first 10 months 


of operation, the average fuel consumption was 11,094 Btu per kilowatt-hour of station output 


| a pes to the Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. ELECTRICAL ENGINEERING will en- 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 


ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 


STATEMENTS in these letters are expressly 
understood to be made by the writers; publication 
here in no wise constitutes endorsement or recog- 
nition by the American Institute of Electrical 
Engineers, 


Heaviside Calculus and 
Carson's Integral 


To the Editor: 


The Heaviside operational calculus is 
finding increasingly widespread application. 
Accordingly, any device to shorten the work 
involved in its use would appear of value. 
In the present note is described a simplifica- 
tion which was found by the writer to greatly 
facilitate his own computations. 

The Heaviside calculus has as its funda- 
mental problem! the determination of what is 
known, in electrical theory, as the “‘indicial 
admittance” of a linear physical system. 
This is simply the response of the system, 
initially in equilibrium, to a unit disturbance 
suddenly applied at time zero and main- 
tained constant thereafter. In dynamics, 
the indicial admittance might correspond to 
the velocity of a system resulting from a 
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suddenly imparted unit acceleration. In 
electricity, it is usually the current resulting 
from a suddenly applied electromotive 
force of unit magnitude. 

Having determined the indicial admit- 
tance, the characteristics of a system are 
then completely determined mathemati- 
cally, except for a single integration.!_ Adop- 
ting electrical terminology, we have the fol- 


owing equation for the current as a function 
of time, #: 


I) =EO)A@®+ 
t d E (r) 
eee dr 


where J, HE, and A represent, respectively, 
current, electromotive force, and indicial 
admittance, and 7 is the time variable of 
integration. In other words, knowing the 
indicial admittance of a circuit, the response 
of the circuit at any time, ¢, to an arbitrarily 
varying electromotive force can be deter- 
mined (at least formally) by application of 
the above integral. The integral was in- 
dependently derived by J. R. Carson, but 
has long been known in dynamics as Du- 
hamel’s integral. 

The writer had occasion to use the opera- 
tional calculus in problems involving fairly 
arbitrary disturbances. The determination 
of the unit response of ‘‘indicial admittance”’ 
was a routine application of the Heaviside 
expansion formula. (This will not be 
treated here but can be found in all works on 
the principles of operational calculus.) 
However, attempts to apply this in the Car- 
son integral, as given above, proved tedi- 
ous. Graphical solution was no more eco- 
nomical of time, although it must be em- 
ployed in some form when the disturbance 
is given by an arbitrary curve. The writer 
then noticed that the integral could be made 
considerably less complex. The step taken 
was extremely simple and obvious, but does 
not appear to have been made heretofore. 
By cancelling the di’s, and correspondingly 
changing the limits of integration, the in- 
tegral becomes 


ie ie G25) an) 


(The term £ (0) A (#) is now included by the 
lower limits of integration.) 

To evaluate this graphically it is only 
necessary to plot A (t - r) against corre- 
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Figure 1. Graphical solution of Carson's integral 
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sponding values of E (r) and then measure 
the area under the curve. A procedure has 
been developed that makes the work almost 
mechanical and very rapid. Referring to 
figure 1, A (r) and E (r) are plotted so that 
the + axes are perpendicular. Horizontal 
lines are drawn through points of the A 
curve corresponding to a series of regularly 
spaced values of r. Vertical lines are sim- 
ilarly drawn through points of the E curve 
corresponding to the same values of r. 
Both the vertical and horizontal lines are 
designated by the corresponding values of + 
and each intersection of a vertical and a 
horizontal line is designated by the sum of 
the 2 corresponding values of time, 7. If 
TI (t) is desired for t = 4 a curve is drawn 
through all intersections designated by the 
sum #. The area under this curve is J 
(4). On the diagram, the curve is drawn for 
t; = 2'/, seconds. A separate curve evi- 
dently results for each instant ¢ at which the 
value of J is desired. With some care, how- 
ever, as many as 10 curves can be plotted on 
a single sheet. 

For those interested in the fundamentals 
of the Heaviside operational calculus, in- 
cluding the application of the above graphi- 
cal solution of Carson’s integral, reference 2 
is suggested. 
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Very truly yours, 
ALBERT I. NERKEN 
Hampton, Va. 


Invention of the 


Watt-Hour Meter 


To the Editor: 


In the January 1937 issue of ELECTRICAL 
ENGINEERING, in the paper ‘“‘Development 
of a Modern Watt-Hour Meter” by I. F. 
Kinnard and H. E. Trekell, page 172, lines 
6 to 8, the origin of the a-c induction watt- 
hour meter is ascribed to Shatlenberger, 
in 1894. There is no doubt about Shallen- 
berger’s inventing in 1888 (simultaneously 
with Borel and Paccard in Switzerland) 
the a-c induction ampere-hour meter, but 
the induction watt-hour meter is my in- 
vention; see U.S. Patent 423,210, filed 
October 7, 1889, and issued March 11, 1890. 
The principle is very clearly explained in 
lines 88-95 in the first page of specification: 
... “the inductive resistance of the shunt 
winding is very great as compared with its 
ohmic resistance, its phase of magnetiza- 
tion will be displaced for nearly one quarter 
of a phase from that of the series magnet. . .” 

To get exact quadrature between the 
2 magnetic fields, all modern meters have 
also a shunt path for part of the magnetic 
flux produced by the voltage coil. Though 
this was not expressly put forth in the 
specification, the numerous figures in the 
patent show it clearly: large pole surfaces 
provide a considerable amount of stray 
fields not acting on the meter disk. 

In fact, even the first type of meters 
manufactured by Ganz & Co., from 1889 
onwards, had approximately quadrature 
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Figure 1. 


phase difference between current and vol- 
tage fields, though at that remote date this 
was of no great importance, as loads were 
nearly exclusively glow lamps and even the 
earliest meters were sufficiently satisfactory 
in this respect. 

Meter number 2,157, made in 1893, came 
back into our musetm after about 25 years 
of service; retested, without adjustment, 
and taking the 100 per cent load at 
cos ¢ = 1.0 as unity, it gave the following 
indications: 


COSLO Pee eee Oe ne OLOe HOSS. HOLT set OO ne00 
SlOW GY cin astele OSE Ge, (2Sero- Once OnmiaaO 


Meter number 52, made in 1889, but 
with the air-gap of the current field magnet 
increased from the original 10 millimeters to 
20 millimeters (this was usual about a few 
years afterward, to straighten out the 
constant curve), everything else unchanged, 
came back after about 20 years of service; 
retested, without adjustment, and taking 
100 per cent load at unity power factor as 
unity, it gave the following readings: 


eel YAucconobe TOPs) 2 OO ee One LOO 
cos g = 1.0....1.006. .1.002. .1.005. .1.000. .1.000 
cos g = 0.5....1.04 . 1.002..1.017..1.005. 1.025 


Meter number 2,157 is shown in figure 1; 
“watt-ora’’ means watt-hours. The torque 
of these early meters was from 60 to 100 
centimeter-grams (600 to 1,000 millimeter- 
grams). Weight of the rotor was about 
100 grams. 

One of these earliest induction watt-hour 
meters is in The Edison Institute at Dear- 
born, Mich. 

Very truly yours, 
Docror Orto T. BLATHY 


Ganz & Co. Ltd. 
Budapest, Hungary 


Electronic Tube 
Nomenclature 


To the Editor: 


I notice on page 284 of the February 1937 
issue of ELECTRICAL ENGINEERING a tabula- 
tion of electronic tube nomenclature that is 
being studied by the American Standards 
Association. 

As comments have been invited, I sub- 
mit the following point of view: 

In connection with the names “‘kenetron”’ 
and “‘pliotron,” would it not be wiser to dis- 
pose of these terms and adopt simply the 
terms ‘‘diode,” “triode,” etc.? This would 
pave the way for tubes with larger numbers 
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An a-c induction watt-hour meter manufactured in 1893 


of grids and is in conformity with the pres- 
ent-day practice where we have ascended 
the scale up to the point of pentode. 

If we are to adopt certain terms, such as 
“pliotron’”’ which have arisen in the industry 
subsequent to the pioneer work, I wonder if 
we are keeping pace with the early group of 
experimenters and inventors. I have in 
mind, for example, the idea or rather term 
introduced by DeForest, ‘‘the audion.” 
The audion was originally applied by 
DeForest to the 2-electrode tube or diode 
and later to his triode. Were we to consider 
giving credit to DeForest for his invention 
of the 3-electrode tube, then certainly it 
would seem that it should carry the term 
“audion” into our present-day nomencla- 
ture. On the other hand, this would natu- 
rally raise a question as to whether or not 
Edison should be associated with the triode 
and perhaps it will raise a question on the 
part of some whether or not Fleming should 
be associated with the diode. Edison gave 
no term to his 2-electrode tube. However, 
when Fleming used this particular instru- 
mentality, later, it became popularly 
known as “‘the Fleming valve.’”’ Since the 
2-electrode tube used by Fleming and the 
2-electrode hard diode of today are so very 
nearly the same as Edison’s original tube, 
it would seem to me that any type of per- 
sonal designation would need to reflect 
proper credit upon Edison. 

An endeavor to give individual inventors 
credit or individual scientists credit cer- 
tainly leads to difficulty. Nevertheless, out 
of deference to these pioneers, we should 
not adopt comparable terms of a commercial 
character which, it seems to me, have the un- 
fortunate effect either of making the origin 
of the devices obscure or leading to a gross 
misunderstanding. 

The great contributions of our telephone 
company, the Westinghouse Company, the 
General Electric Company, and others to 
the vacuum tube art are, of course, well 
recognized. However, I wonder if it is wise 
to adopt a term originated by one of these 
companies if that term carries no more 
significance with it than just the name. It 
would seem far better in this case to go 
over to the impersonal terms, diode, triode, 
tetrode, pentode, etc. which can raise no 
question in the minds of many contributors 
to this art. 


Very truly yours, 
Epwarp L. Bow es (A’22, F’33) 


Associate Professor of Electrical 
Communications, Massachusetts 
Institute of Technology, Cam- 
bridge. 
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Psecual Tresne 


J. W. Wuire (A’29) general manager of 
the Westinghouse Electric International 
Company, New York, N. Y., has been elected 
vice-president and general manager of that 
company. Mr. White was born at Indian- 
apolis, Ind., in 1889, and received his early 
education at Randolph-Macon Academy; 
later, while engaged with the Westinghouse 
company at East Pittsburgh, Pa., he at- 
tended Carnegie Institute of Technology. 
He joined the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
in 1905, and continued at the main works 
until 1912. In 1917 Mr. White filled the 
position of manager of the central station 
and transportation divisions of the Detroit, 
Mich., offices of that company. His first 
connection with the export business was in 
1918, when he was assigned the managership 
of the Westinghouse offices at Havana, Cuba. 
In 1925 he was made managing director of 
the Westinghouse Company of Japan, with 
his staff offices at Tokyo. In 1931 Mr. 
White was made managing director of Cia. 
Westinghouse Electric International in 
Argentina, which position he held until he 
was returned to the United States in 1936 to 
become general manager of the Westing- 
house Electric International Company. 


F. W. Smitrn (A’05, M’12) president, 
Consolidated Edison Company of New 
York, Inc., Brooklyn (N. Y.) Edison 
Company, Inc. and New York and Queens 
Electric Light and Power Company, has 
retired. Mr. Smith was born June 16, 
1867, at Alden, N. Y., and began his 
career as an office boy for the United 
States Illuminating Company in 1880. His 
service with that company and its succes- 
sors therefore has spanned a period of al- 
most 57 years; he entered the electrical in- 
dustry 2 years prior to the opening of the 
Pearl Street station of the Edison Electric 
Illuminating Company of New York, and 
3 months after the introduction of the in- 
candescent lamp by Thomas A. Edison. 
In 1883 Mr. Smith became a general clerk 
and remained in that position until 1889 
when he was appointed paymaster for the 
United Electric Light and Power Company, 
successor to the United States Illuminating 
Company. In 1891 he was made assistant 
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auditor of the company, and after remaining 
in that position for 8 years was elected as- 
sistant secretary. A year later he was 
elected secretary of The Brush Electric 
Illuminating Company, of which he subse- 
quently became president and a director. 
In 1905 Mr. Smith was elected secretary of 
the United Electric Light and Power Com- 
pany; in 1912 he became vice-president; in 
1916, general manager. In 1926 he was 
elected chairman of the board of directors of 
the New York and Queens Electric Light and 
Power Company, and in 1929 became presi- 
dent of The Brush Electric Illuminating 
Company. Mr. Smith was elected president 
of The New York Edison Company, Inc., 
and the United Electric Light and Power 
Company in 1932; president of the Con- 
solidated Edison Company of New York, 
Inc., in 1935; and president of the Brooklyn 
Edison Company, Inc., in 1936. He was 
active in the affairs of the former National 
Electric Light Association, and served as 
vice-president (1919), president (1922), 
and member and chairman of many of the 
committees of that organization. He is a 
member of several technical organizations. 


L. B. Futter (A’03) superintendent of 
power, Utah Power & Light Company, 
Salt Lake City, has been appointed chief 
engineer of the company. Mr. Fuller was 
born June 14, 1879, at Nelson, Ohio, re- 
ceived a diploma from Hiram College, 
attended Montana State College, and was 
graduated from Cornell University in 1906. 
He had been engaged in engineering work 
before receiving his formal technical educa- 
tion, and following his graduation was 
employed as construction superintendent of 
the Telluride Power Company’s Grace, 
Idaho, hydroelectric plant; upon comple- 
tion of that plant in 1908 he was transferred 
to the engineering department of the Tel- 
luride Power Company. In 1913 Mr. 
Fuller was appointed general construction 
foreman on power house and _ penstock 
construction during an extension of the 
Grace hydroelectric station by the Utah 
Power & Light Company, successor to the 
Telluride Company. During 1916-18 he 
served as construction superintendent on 
several hydroelectric projects, and in 1919 
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L. B. FULLER 


was appointed general construction super- 
intendent of an extensive hydroelectric and 
steam-electric project executed by the 
Phoenix Utility Company for the Utah 
Power & Light Company. In 1927 Mr. 
Fuller was appointed assistant super- 
intendent of power of the Utah Power & 
Light Company; he became superintendent 
of power in 1929. 


J. A. Hate (M’26) formerly chief engi- 
neer of the Utah Power & Light Company, 
Salt Lake City, recently was appointed 
vice-president of both the Utah Power & 
Light Company and the Utah Light & 
Traction Company. Mr. Hale was born 
September 18, 1888, at Calloway, Va., and 
received the degree of bachelor of science 
in civil engineering at Virginia Polytechnic 
Institute. In 1911 he was appointed junior 
engineer in the United States Reclamation 
Service, remaining in that capacity until 
1913, when he became affiliated with the 
Utah Power & Light Company as an as- 
sistant engineer. During 1918-19 he served 
as cost engineer for the United States 
Housing Corporation, but late in 1919 re- 
turned to the Utah Power & Light Com- 
pany to continue his service with that com- 
pany without interruption. Mr. Hale was 
appointed chief engineer in 1927. 


E. G. Conroy (A’32) formerly superin- 
tendent of radio, City of San Antonio, 
Texas, now is associated with the bureau of 
municipal research at the University of Texas, 
Austin. Mr. Conroy is a native (1907) 
of San Antonio, and received the degree of 
bachelor of science in electrical engineering 
at the University of Notre Dame in 1930. 
Following his graduation, he entered the 
long lines department of the American Tele- 
phone and Telegraph Company at South 
Bend, Ind., as a student engineer, and re- 
mained with that company until he was ap- 
pointed supervisor of radio of the City of 
San Antonio. Mr. Conroy is chairman of the 
AIEKE San Antonio Section. 


W.H. BurLESON (M’31) formerly assist- 
ant manager of the power utilities depart- 
ment of the Ohio Brass Company, Mans- 
field, Ohio, has been appointed manager of 
that department. Mr. Burleson was gradu- 
ated from the Texas Agricultural and Me- 
chanical College in 1913, following which he 
joined the engineering staff of the Texas 
Power and Light Company and eventually 
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became assistant chief engineer of that com- 
pany before associating himself with the 
Ohio Brass Company in 1922. His work 
with the Ohio Brass Company has required 
much traveling, and he has visited many 
utility companies throughout the United 
States and Canada. Mr. Burleson is chair- 
man of the engineering committee of the 
high-voltage section of the National Elec- 
trical Manufacturers’ Association, chairman 
of the United States Department of Com- 
merce standing committee on simplified 
practice recommendation 73, covering one- 
piece insulators, a member of the American 
Standards Association committee on insula- 
tor standardization, and temporary chair- 
man of the ASA subcommittee on suspen- 
sion-insulator standardization. 


L. J. Bersericu (A’30, M’36) recently 
resigned his position as research engineer in 
charge of cable- and capacitor- oil develop- 
ment for the Socony-Vacuum Oil Company, 
Incorporated, Paulsboro, N. J., to become 
a research engineer in the insulation division 
of the research laboratories of the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa. Doctor Berberich was 
born at Petersburgh, Va., in 1906, and re- 
ceived the degrees of bachelor of engineering 
(1928) and doctor of engineering (1931) at 
The Johns Hopkins University. In 1931 he 
was appointed to the faculty of The Johns 
Hopkins University, and served as a full- 
time research assistant, but in the following 
year he joined the research staff of the 
Socony-Vacuum Oil Company. He was 
placed in charge of cable- and capacitor-oil 
development in 1934. Doctor Berberich is 
a member of the National Research Council’s 
committee on insulation and the American 
Society of Testing Materials committee D-9 
on electrical insulating materials. He is a 
member of the American Association for the 
Advancement of Science and Sigma Xi. 


A. J. JoHNSTON (A’32) engineer for the 
American Totalisator Company, Baltimore, 
Md., has been transferred to San Mateo, 
Calif., as manager of the Pacific coast divi- 
sion of that company. Mr. Johnston is a 
native (1897) of Milwaukie, Ore., and an 
electrical engineering graduate of Oregon 
State College. He spent several yeaas in 
design and application engineering of super- 
visory control and telemetering equipment 
for the General Electric Company before 
becoming affiliated with the American 
Totalisator Company, and is the author of a 
paper “The Torque Balance Telemeter,” 
presented at the 1932 AIEE summer con- 
vention. 


O. L. Riccs (A’21, M’29) formerly super- 
intendent of electric distribution, Lynn 
(Mass.) Gas and Electric Co., recently was 
appointed sales manager for the American 
Electric Service and Maintenance Company, 
Springfield, Mass. Mr. Riggs entered the 
employ of the United Electric Light and 
Power Company, New York, N. Y., as an 
inspector in 1920, where he remained until 
1925 before becoming affiliated with the 
Lynn Gas and Electric Company. 
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PauL NarsBuTovskiH (A’32) teaching 
assistant in electrical engineering, Stanford 
University, Calif., has been appointed to the 
faculty of the mathematics department of 
San Jose State College, San Jose, Calif. Mr. 
Narbutovskih was born at Tiumen, Russia, 
in 1902, and received the degree of bachelor 
of arts at Stanford University in 1929, fol- 
lowing which he remained at that institu- 
tion as a graduate student and teaching as- 
sistant. He is the author of a paper, ‘‘Tooth- 
Frequency Eddy-Current Loss,’’ published 
in the February 1937 issue of ELECTRICAL 
ENGINEERING, pages 253-6. 


R. B. Capron (A’30, M’30) assistant dis- 
tribution engineer, Utica (N. Y.) Gas and 
Electric Company, has been appointed dis- 
tribution engineer for the St. Lawrence area 
of the Niagara Hudson Power Corporation, 
with headquarters at Potsdam, N. Y. Mr. 
Capron received the degrees of bachelor of 
arts (1926) and electrical engineer (1928) 
from Columbia University, following which 
he entered the employ of the Utica Gas and 
Electric Company as a cadet engineer. He 
became assistant distribution engineer in 
1934. 


H. R. ANDERSON (A’27, M’36) formerly 
assistant electrical engineer for United 
States Engineers, Fort Peck, Mont., now is 
employed as tratismission engineer for the 
Loup River Public Power District, Colum- 
bus, Nebr. Mr. Anderson, a native (1900) 
of Huron, S. D., and an electrical engineer- 
ing graduate of Iowa State College, has had 
experience in engineering and construction 
work with several public utility companies. 


ALEXANDER WILSON (A’15) assistant to 
the vice-president in charge of operations 
Philadelphia (Pa.) Electric Company, has 
been made operating manager of the com- 
pany. Mr. Wilson was born at Philadelphia 
in 1887 and received the degree of mechani- 
cal engineer at Cornell University in 1910. 
Almost immediately following his gradua- 
tion, he entered the employ of the Philadel- 
phia Electric Company and has since served 
that company as construction engineer 
(1918-27), assistant chief engineer (1928-30), 
and assistant to the vice-president in charge 
of operations since 1930. 


E. H. Corrirts (A’11, F’12) retired vice- 
president of the Bell Telephone Labora- 
tories, Incorporated, New York, N. Y., re- 
cently was awarded the Japanese Fourth 
Order of Merit of the Sacred Treasure, in 
recognition of his promotion of electrical 
engineering in Japan and his furthering of 
good relations between Japan and the United 
States. A biographical sketch of Doctor 
Colpitts appeared in the April 1937 issue of 
ELECTRICAL ENGINEERING at the time of 
his retirement. 


C. C. Lone (A’14, M’30) mechanical and 
electrical construction engineer, Riegos y 
Fuerza del Ebro, Barcelona, Spain, has re- 
turned to the United States. Mr. Long has 
been in Spain since early in 1930, during 
which time he has had complete chargeof the 
planning, design, purchase of materials, and 
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construction of a series of hydroelectric 
stations featuring completely automatic 
control. 


H. H. Kruecer (A’21) who has been 
assistant superintendent of power of the 
Utah Power & Light Company, Salt Lake 
City, has been appointed superintendent 
of power. Mr. Krueger entered the employ 
of the Utah Power & Light Company in 
1914 and in the following 2 years served 
as operator or maintenance engineer of 
many of the generating stations and major 
substations of the interconnected system 
of that company. After serving as chief 
dispatcher and as a member of the pro- 
duction and transmission department, he 
became assistant superintendent of power 
in 1980. 


Wit11amM Ke ty (F’25) president of the 
Buffalo, Niagara, and Eastern Power Cor- 
poration, Buffalo, N. Y., has been elected a 
vice-president and director of the newly 
formed Buffalo Niagara Electric Corpora- 
tion. A biographical sketch of Colonel 
Kelly appeared in the February 1937 issue 
of ELECTRICAL ENGINEERING, page 290. 


N. I. Korman (Enrolled Student) North 
Attleboro, Mass., who is enrolled at Wor- 
cester Polytechnic Institute, Worcester, 
Mass., has been awarded a Charles A. 
Coffin fellowship. Mr. Korman, a native 
(1916) of Providence, R. I., will pursue re- 
search in ultrahigh-frequency measurements 
at Massachusetts Institute of Technology. 


N. R. Grsson (M’32) vice-president of 
the Buffalo, Niagara, and Eastern Power 
Corporation, Buffalo, N. Y., has been elected 
a vice-president and director of the re- 
cently organized Buffalo Niagara Electric 
Corporation. A biographical sketch of Mr. 
Gibson appeared in the February 1987 issue 
of Electrical Engineering, page 290. 


D. L. Herr (Enrolled Student) Univer- 
sity of Pennsylvania, Philadelphia, has been 
awarded a Charles A. Coffin fellowship. 
Mr. Herr is a native (1916) of Ephrata, Pa. 
He will remain at the University of Penn- 
sylvania to study oscillation in nonlinear 
circuits. 


J. F. BrInER, JR. (A’36) has resigned his 
position as an under clerk in the Electric 
Rate Survey, Federal Power Commission, 
New York, N. Y., to become affiliated with 
the engineering department of the Niagara, 
Lockport, and Ontario Power Company, 
Buffalo, N. Y. 


S. M. Zuparr (A’27, M’34) formerly an 
assistant electrical engineer for the Buffalo, 
Niagara, and Eastern Power Corporation, 
Buffalo, N. Y., now is employed by The 
Tata Hydro-Electric Power Supply Co., 
Ltd., Bombay, India. 


W. T. Eston, Jr. (A’36) has resigned 
his position as a field engineer for the Cen- 
tral Hudson Gas and Electric Corporation, 
Kingston, N. Y., to join the research engi- 
neering department of the Speer Carbon 
Company, St. Marys, Pa. 
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G. S. Onory (A’33) formerly an electrical 
engineer for the consulting engineering firm 
of Ford, Bacon, and Davis, New York, 
N. Y., now is an assistant valuation engineer 
for the New York State Public Service Com- 
mission, with headquarters at Rochester. 


R. R. McGesxr (A’28) formerly employed 
in the switchgear engineering department of 
the General Electric Company, Philadel- 
phia, Pa., now is associated with the 
Trumbull Electric Manufacturing Company, 
Plainville, Conn. 


RoBeRT Loewe (A’32) who has been a 
surveyor for the Works Progress Adminis- 
tration, Chicago, Ill., now is employed as a 
transformer design engineer for the Westing- 
house Electric & Manufacturing Company, 
Sharon, Pa. 


R. V. Creasy (A’36) who has been an 
electrical draftsman for the Newport News 
Shipbuilding and Dry Dock Company, 
Newport News, Va., now is an equipment 
engineer for the Western Electric Company, 
Chicago, Ill. 


H. E. Starrorp (A’13, M’25) formerly 
electrical superintendent of the Canadian 
International Paper Company, Nipigon, 
Ont., now is employed in the consulting en- 
gineering firm of John Stafford, Toronto, 
Ont. 


E. A. Rorurus (A’35) formerly an elec- 
trician, United States Engineers, Fort Peck, 
Mont., now is employed as an electrical 
tester for the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pas 


F. P. Rosso (A’36) city electrical engi- 
neer, Cherokee, Okla., Municipal Light and 
Water Department, now is associated with 
the Public Service Company of Oklahoma, 
McAlester, in the commercial lighting de- 
partment. 


J. L. Bracxsurn (A’36) graduate stu- 
dent, Westinghouse Electric & Manufactur- 
ing Company, East Pittsburgh, Pa., re- 
cently was transferred to the Newark, N. J., 
offices of that company. 


C. T. Goun (A’35) clerk, Westinghouse 
Electric & Manufacturing Company, Phila- 
delphia, Pa., has been transferred to the 
test engineering department of the East 
Pittsburgh, Pa., works of that company. 


Obituary 


ARTHUR WILLIAMS (A’97, M’08, F’18, 
member for life) former vice-president of 
The New York (N. Y.) Edison Company, 
Inc., died April 14, 1937. Mr. Williams was 
born August 14, 1868, at Norfolk, Va., and 
was educated in private schools at New 
York. He served The New York Edison 
Company for 42 years, starting as a repair 
boy in 1885 and retiring in 1928 as vice- 


772 


president in charge of commercial relations. 
He became general commercial manager of 
the company in 1915 and held that position 
until 1924, when he was made vice-president 
in charge of commercial relations. In 1917 
Mr. Williams was appointed to the post of 
food administrator for the city of New 
York; he served in that capacity for 2 1/2 
years before resigning in 1920. During the 
Spanish-American War he served as com- 
manding officer of the New York Volunteer 
Forces, mining New York Harbor. In 1912 
he was decorated by the King of Spain, re- 
ceiving the rank of knight in the Royal 
Order of Isabel the Catholic, and in 1926 was 
made a chevalier of the French Legion of 
Honor. Mr. Williams was a past-president 
of the American Association for the Ad- 
vancement of Science, Association of Edison 
Illuminating Companies, and the National 
Electric Light Association; he was also a 
member of the American Academy of Politi- 
cal and Social Sciences, American Elec- 
trochemical Society, American Association 
for Labor Legislation, International Indus- 
trial Relations Association, and Society of 
American Military Engineers. 


Eppy CLIFFORD JERMAN (A’20) director 
of the educational department, General 
Electric X-Ray Corporation, Chicago IIl., 
died September 13, 1936, according to word 
just received at Institute headquarters. 
Mr. Jerman was born in Ripley County, 
Indiana, November 21, 1865, and attended 
Franklin College and Central Business 
College (Austin, Texas), following which he 
became associated with the Physicians and 
Surgeons Supply Company and Jones 
Brothers Electric Company, both of Cin- 
cinnati, Ohio, as an electrician. In 1891 he 
established his own business at Indian- 
apolis, Ind., at first selling medical and 
dental electrical supplies; however, in 1896 
he began to manufacture X-ray machines. 
Until 1903 Mr. Jerman acted as an instruc- 
tor in medical electricity at the Physiomedi- 
cal College of Indiana and the Central 
College of Physicians and Surgeons of 
Indiana; at that time he moved his offices 
to Topeka, Kans., where he continued the 
manufacture of electromedical equipment 
until in 1917 he joined the staff of the Victor 
X-Ray Corporation, which later became the 
General Electric X-Ray Corporation, to 
organize its educational department. Mr. 
Jerman’s service as director of that depart- 
ment covered a period of almost 20 years. 


Guy S. TuRNER (A’18) president, Turner 
and Turner, Inc., Memphis, Tenn., died in 
March 1937. Mr. Turner was born April 2, 
1876, at Water Valley, Miss. From 1896 to 
1898 he served as a machinist for several 
companies in Texas and in Mexico, and fol- 
lowing a year’s service with the United 
States Army Signal Corps during the Span- 
ish-American War, entered the employ of 
the Memphis Power and Light Company in 
1899. He was first a machinist, but be- 
came successively electrical foreman, chief 
electrician, superintendent and mechanical 
engineer, and engineer in charge of manufac- 
ture, remaining with that company until 
1920. At that time he established the firm 
of Turner and Turner, and served as its 
president for 16 years. 


News 


Puitie A. Lanc (A’88, M’88, member 
for life) retired engineer, London, England, 
died February 25, 1987. Mr. Lang was born 
in October 1856, in Mecklenburg, Germany, 
and started his technical career as an elec- 
trician for Siemens Brothers and Company, 
Woolwich, England, in 1880. In 1882 Mr. 
Lang came to the United States and secured 
a position as head of the testing department 
of Bergmann and Company, New York, 
N. Y., where he remained for 4 years before 
becoming associated with the Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa., first as an electrician and 
later as superintendent of the detail depart- 
ment. He was subsequently sent to Eng- 
land as a representative of the Westing- 
house company, and eventually became 
managing director of the British Westing- 
house Electric & Manufacturing Company, 
Trafford Park. 


Membership 


Recommended 
for Transfer 


The board of examiners, at its meeting on May 
12, 1937, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 


To Grade of Fellow 


Pratt, Haraden, vice-president and chief engr., 
Mackay Radio and Telegraph Co., New York. 


1 to Grade of Fellow 


To Grade of Member 


Bewley, L. V., electrical engineer, General Electric 
Company, Pittsfield, Mass. 

Dyer, L. L., superintendent of substations, Southern 
California Edison Company, Los Angeles. 
Garin, A. N., electrical engineer, General Electric 

Company, Pittsfield, Mass. 

Goodwin, V. E., managing engineer, lightning 
arrester, cutout and capacitor department, 
General Electric Company, Pittsfield, Mass. 

Jackson, E. S., electrical distribution engineer, 
Consumers Power Company, Jackson, Mich. 

Pettee, A. D., district engineer, General Cable 
Corporation, Chicago, II. 

Pinder, K., electrical engineer, E. I. du Pont de 
Nemours and Co., Wilmington, Del. 

Rey, W. J., electrical engineer, United States 
Department of the Interior, Washington, 


Roser, J. O. K., assistant to manager, transformer 
cuvibion, General Electric Company, Pittsfield, 
ass. 
Schott, J. T., telephone engineer, Bell Telephone 
Laboratories, Incorporated, New York, N. Y. 
Underwood, R. J., assistant engineer, New England 
Power Service Company, Providence, R. I. 


11 to Grade of Member 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to mem- 
bership in the Institute. If the applicant has ap- 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na- 
tional secretary before June 30, 1937, or August 31, 
1937, if the applicant resides outside of the United 
States or Canada. 


Adams, E. V., British Columbia Electric Railway 
Company, Ltd., Vancouver, B. C., Canada. 

Alexieff, V. M., Pacific Gas and Electric Company, 
San Rafael, Calif. 

Anspacher, W. B., Union Electric Power and Light 
Company, St. Louis, Mo. : 

Arvidson, C. E., Commonwealth and Southern 
Corporation, Jackson, Mich. 

Ballou, R. P. (Member) Allen Bradley Company, 
Milwaukee, Wis. 

Beller, C. J. (Member) Cleveland Electric Illuminat- 
ing Company, Cleveland, Ohio. 


ELECTRICAL ENGINEERING 


Benkesser, G. E. (Member), Bureau of Power and 
Light, Los Angeles, Calif. 

Bragunier, CRESS Euorais Engineering Corporation, 
New York, N. 

Brown, G. C. reubes), Cutler-Hammer, Inc., 
Milwaukee, Wis. 

Brown, M. J., Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

Buswell, M. P., Westinghouse Electric & Manufac- 
turing Company, Seattle, Wash. 

el ane haiae D. G., General Electric Company, Lynn, 

ass. 

Campbell, J. F., Consolidated Edison Company, 
New York, N.Y. 

Clay, L. J., Public Service Supply Company, Inc., 
Cleveland, oO. 

Chat Taw (Member), Ottawa Electric Company 
and Ottawa Electric Railway Company, 
Ottawa, Ont., Canada. 

Coburn, W. N., Green Mountain Power Corpora- 
tion, Bellows Falls, Vt. 

Coggeshall, I. S. (Member), Western Union Tele- 
graph Company, New York, N. Y. 

Condit, P. A., Pure Oil Company, Chicago, Ill. 

Critchley, W. A. (Member), 1730 Ocean Avenue. 
Brooklyn, N. Y. 

Crosby, F. A., Otis Elevator Company, San Fran- 
cisco, Calif. 

Crosby, T. H. (Member), Canadian Westinghouse 
Company, Ltd., Vancouver, B. C., Canada. 

Dailey, J. A. (Member), General Electric Company, 
Kansas City, Mo. 

Dickinten, W. E., 7D Godfrey Court, Fort Riley, 

ans. 

Diemond, C. C., Bureau of Reclamation, Ephrata, 
Wash. 

Ellerbeck, K. H., Pacific Telephone and Telegraph 
Company, Seattle, Wash. 

Ennis, B. J., Burns and McDonnell Engineering 
Company, Kansas City, Mo. 

Fisken, J. B. (Member), Water Division, City of 
Spokane, Wash 

Fleischer, F. H., General Electric Company, Fort 
Wayne, Ind. 

Fuller, A. G., Phelps Dodge Corporation, Ajo, 


Ariz. 
Gilman, B. E., L. E. Myers Company, Caro, 


ich. 
Gosal, G. S., 1731 Allston Way, Berkeley, Calif. 
Graham, A. M., Western Union Telegraph Com- 
pany, Washington, i 8 BE Os 
pare D. W., Glendale Public Service, Glendale, 
alif. 
Gronauer, C., Milwaukee Blectte Railway and 
Light Company, Milwaukee, Wis. 
Harrison, R. (Member), Scarborough Public Utili- 
ties Commission, Toronto, Ont., Canada. 
Heiman, H. O. (Member), city engineer’s office, 
Milwaukee, Wis. 

Miers; jx. B:, Jr. (Member), General Electric Com- 
pany, Miami, Fla. 

Hopwood, J. M., Globe Union, Inc., 
Wis. 

Howery, H. A. (Member), Kansas City Power and 
Light Company, Kansas City, Mo. 

Hranac, F. V., Unites States Navy Department, 
Washington, Dic 

ucleael, A. L., Square D Company, Milwaukee, 


Milwaukee, 


Tahes, M. McC., General Electric Company, 
Louisville, Ky. 

Jones, R. L., Southwestern Bell Telephone Com- 
pany, Oklahoma City, Okla. 

Kalbach, J. F., General Electric Company, Fort 
Wayne, Ind. 

Karg, W. R., Diehl Manufacturing Company, 
Elizabeth, ’'N. J. 

Kinser, J. H., Houston Lighting and Power Com- 
pany, Houston, Texas. 

Kokesh, F. P., Minneapolis-St. 
District, St. Paul, Minn. 

Kunz, A. F., Ohio Bell Telephone Company, Cleve- 
land, O. 

Lauder, iy Phillips Electrical Works, Ltd., Brock- 
ville, Ont., Canada. 

Mallett, 'M. B. (Member), General Electric Com- 
pany, Pittsfield, Mass. 

McCall, R. L. (Member), eens and water 
department, Jacksonville, Fla. 

Meichel, C. B. (Member), Department of Public 
Utilities, St. Louis, Mo 

Mergenthaler, A. H. (Member), Alabama Power 
Company, Birmingham. 

Merkel, N. M., Metropolitan Edison Company, 
Reading, Pa. 

Meyers, W. N., Federal pp eeading and Drydock 
Company, "New York, N. 

Miller, G. R., Metropolitan ‘Water District of 
Southern California, Rice, Calif. 

Myers, H. C., Government Printing Office, Wash- 
ington, DGC 

Osborne, H. R., Ferranti Electric, Ltd., Toronto, 
Ont., Canada. 

Osgood, D. T., Bell tS aed Laboratories, Incor- 
porated, New York, N. Y. 

Osterhout, E. W., New Jersey Zinc Company, 
Franklin, N 4 

Pacanins, A., Hillcrest Hotel, Toledo, O 

Penn, L., Travelers Insurance Company, New 
York, N. Y 

Pennington, C. C., Tennessee Valley Authority, 
Chattanooga, Tenn. 

Perkins, W. S., General Electric Company, Bridge- 
port, Conn, 

Pickles, S. B., Gardner Electric Manufacturing 
Company, "Emeryville, Calif. 

Ramadanoff, D. (Member), Cornell University, 
Ithaca, N. Y. 


Paul Sanitary 
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eee C. H., Jr., Globe Union, Inc., Milwaukee, 


is. 

Reeves, G. A., Jr., Oklahoma Gas and Electric Com- 
pany, Oklahoma City, Okla. 
age C. F., Cutler-Hammer, Inc., Milwaukee, 

is. 
Rohlfsen, A. G., Johns-Manville Products Corpora- 
tion, Lompoc, Calif. 
Schmidt, I. F., Milwaukee Electric Railway and 
Light Company, Milwaukee, Wis. 
Schnabel, J. F. (Member), Euclid Electric an 
Manufacturing Company, Euclid, Ohio. 
Schoen, A. M., Commonwealth and Southern 
Corporation, Jackson, Mich. 

Shuman, U. S., Philadelphia Electric Company, 
Philadelphia, Pa. 

Smith, C., New York and Queens Electric Light 
and Power Company, Flushing, N. Y. 

Smith, C. G., Smith Milligan Electric Company, 
Tulsa, Okla. 

Spitler, C. H., Brown-Brockmeyer 
Inc., Dayton, O. 

Stark, O. P., Jr., Hoosier Engineering Compauy, 
Columbus, Ohio. 

Steel, H. D., Herman D. Steel Company, Phila- 
delphia, Pa. 

Stevenson, R. B., Dollar Steamship Company, 
San Francisco, Calif. 

Stodola, F. J., Milwaukee Electric Railway and 
Light Company, Milwaukee, Wis. 

Thwaites, J. [., Canadian Westinghouse Company, 
Hamilton, Ont., Canada. 

AEDBOIS L., Colonial Radio Corporation, Buffalo, 

Y 


Company, 


Tracy, J. B., Jr., Radio Experimental Laboratories, 
Taunton, Mass. 

Ullman, F. (Member), Westinghouse Electric & 
Manufacturing Company, New York, N. Y. 

Vialet, F. C., 2257—7th Avenue, New York, N. Y. 

Wedge, R. E., General Electric Company, Fort 
Wayne, Indiana. 

Wells, C. A., Southern California Telephone Com- 
pany, Los Angeles, Calif. 

Younger, D., American Telephone and Telegraph 
Company, Buffalo, N. Y. 

Zigler, M. O., Federal Power Commission, Denver, 

olo. 
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Foreign 


Channa, B. N., Public Works Department, Jogin- 
dernager, Mandi State, India. 

Drake, H. H., Indian Iron and Steel Company, 
Lid., Burnpur, India. 

Gademann, O. M., Allgemeine 
Gesellschaft, Berlin, Germany. 

Koo, C. T.. Shanghai Power Company, Shanghai, 
China 

Martinez G. R., La Consolidada, S. A., Calzada de 
la Ronda, Mexico, D. F., Mexico. 

Russell, A. J. G., 256 St. Asaph Street, Christ- 
church, New "Zealand. 

Smyth, L Oy Cerro de Pasco Copper Corporation, 
Orvya, Peru. 

Shima, R., Toden Electric Supplies Company, 
To yo, Japan. 

Warburton, J. H., Edison Swan Cables, Ltd., 
I. don, England. 


9 Foreign 


Elektricitats- 


Engineering 
Narocatare 


New Books 
in the Societies Library 


Among the new books received at the Engi- 
neering Societies Library, New York, recently, 
are the following which have been selected be- 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 


MUNICIPAL YEAR BOOK. 19387. Edited 
by C. E. Ridley and O. F. Nolting. Chicago, 
International City Managers’ Association, 1937. 
599 pages, illustrated, 10x7 inches, cloth, $5.00. 
Contains articles on developments. in various fields 
of municipal administration and gives statistics on 
cities over 10,000. Lists educational institutions 
giving courses in public administration and includes 
a directory of city officials in all cities over 10,000. 


MEN of MATHEMATICS. By E. T. Bell. 
New York, Simon and Schuster, ae 592 pages, 
illustrated, 10x6 inches, cloth, $5. Biographical 
and critical information about the eet men in 
the mathematical field, from the Greeks to the 
present time. 
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Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


AINTAINED as a public reference library 

of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


FIRST ELEVATED RAILROADS in MAN- 
HATTAN and the BRONX of the CITY of NEW 
YORK. By W. F. Reeves. New York, New 
York Historical Society, 1936. 137 pages, illus- 
trated, 10x7 inches, cloth, $3.00. Description of 
the development and progress of the early elevated 
railroads in Manhattan and the Bronx, including 
the various schemes proposed from 1825 up to the 
first actual construction in 1867. 


JOURNAL of the ROYAL TECHNICAL 
COLLEGE, volume 4, part 1, January, 1937. 
Glasgow, Royal Technical College. 212. pages, 
illustrated, 10x7 inches, paper, 10s. 6d. Contains 
several papers of interest to electrical engineers, 
including a discussion of the sensitivity of the 
Schering bridge network and the commutation 
period in grid-controlled mercury-arc rectifiers. 


THEORIE der WECHSELSTROM MAS- 
CHINEN in Vektorieller Darstellung. By W. 
Michael. Leipzig und Berlin, B. G. Teubner, 
1937. 272 pages, illustrated 10x6 inches, paper, 
16.50 rm.; bound, 18 rm. (in U.S.A.). Develops 
the theory of a-c machines by means of “‘space 
diagrams’ and ‘“‘space vector diagrams.” In- 
cludes chapters on transformers, induction ma- 
chines, commutator motors, auxiliary machines, 
and cascade connections between induction and 
commutator machines. 


OBJECTIVE RATE PLAN for Reducing the 
Price of Residential Electricity. By W. F. Ken- 
nedy. New York, Columbia University Press, 
1937. 83 pages, charts, tables, 9x6 inches, cloth, 
$1.25. Relates the history of the plan, the reasons 
for its adoption and the results obtained. 


COMPENSATING INDUSTRIAL EFFORT. 
By Z. C. Dickinson. New York, Ronald Press 
Company, 1937. 479 pages, illustrated, 9x6 inches, 
cloth, $4.50. A study of the problem of work 
incentives. Covers the causes determining the 
amount of wages of occupations and individuals, 
the relative efficacy of various stimuli and factors 
in increasing production, and the social conse- 
quences of various work-and-pay situations. 


ALTERNATING CURRENTS in RADIO 
RECEIVERS. By J. F. Rider. Published by 
author, 1440 Broadway, New York, N. Y., 1937. 
94 pages, illustrated, 9x6 inches, paper, "$0. 60. 
A discussion of basic facts about alternating cur- 
rents in radio receivers. 


AMERICAN SOCIETY for TESTING MATE- 
RIALS. INDEX to PROCEEDINGS, volumes 
31-35 (1931-35). Philadelphia, American Society 
for Testing Materials, 1937. 194 pages, 9x6 inches, 
cloth, $2.25; half leather, $3.00. Contains author 
and subject indexes for the Proceedings of 1931-1935 
and of the symposiums presented at regional, local, 
and annual meetings, and not published in the 
Proceedings. 


APPLICATIONS of the METHOD of SYM- 
METRICAL COMPONENTS. (Electrical Engi- 
neering Texts.) By W. V. Lyon. New York and 
London, McGraw-Hill Book Company, 1937. 
579 pages, illustrated, 9x6 inches, cloth, $6.00. 
Designed to demonstrate the use of symmetrical 
components in the solution of problems in un- 
symmetrical polyphase circuits. The reader is 
expected to have a thorough grounding in single- 
phase and symmetrical polyphase circuits, trans- 
formers, and symmetrical operation of 3-phase 
induction and synchronous machines. 


GENERATRICES et MOTEURS 4 courant 
continu. By E. Roth and J. Bardin. Paris, 
Librairie Armand Colin, 1937. 223 pages, illus- 
trated, 7x5 inches, paper, 18 frs.; bound, 15.50 frs. 
Presents the principles of d-c machines, written 
in easily understood language and intended for 
students and designers. 
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[ealtctrial Notes 


Building Construction Still Upward.—Not 
since May 19380 has residential building 
been undertaken in such heavy volume as 
was reported in April this year, according 
to F. W. Dodge Corp. The value of such 
operations started during April in the 37 
states east of the Rocky Mountains 
amounted to $108,204,400, a gain of 20 
per cent over the March figure and an 
increase of 61 per cent over April 1936. 
Besides residential building, the April 
1937 figures show $96,179,300 for non- 
residential building and $65,741,500 for 
heavy engineering projects, i. e., public 
works and public utilities. 


U. S. Rubber Appoints Dr. Sturdevant.— 
According to a recent announcement United 
States Rubber Products, Inc., has appointed 
Dr. Earl G. Sturdevant as consulting 
engineer of its electrical wire and cable 
dept. Dr. Sturdevant joined the company 
in 1929, being previously connected with 
the Western Electric Co. In 1931 he 
was appointed development manager of 
the electrical wire and cable department, 
where he contributed to the successful 
development of Laytex, the new dielectric. 


New Branch Manager for Weston.—H. EF. 
Held has recently been appointed to 
succeed the late C. F. Henderson as manager 
of the San Francisco agency of the Weston 
Electrical Instrument Corporation, with 
offices at 420 Market St. Mr. Held was 
previously assistant to Mr. Henderson for 
a number of years. 


Resistance Wire Division Sold.—The C. O. 
Jelliff Mfg. Corp., Southport, Conn., has 
recently purchased the resistance wire 
division of George W. Prentiss and Co., of 
Holyoke, Mass. 


Century Electric Moves New York Office.— 
The New York office of the Century Elec- 
tric Co. has been moved from 50 Church 
St. into larger quarters in the Underwood 
Building, 80 Vesey St. James Larkin is 
district sales manager. 


Frigidaire Plants Enlarged.—The erection 
of 2 new factory buildings, together with 
enlargement and rearrangement of the 
Moraine City, O., manufacturing facilities 
of Frigidaire Div., General Motors Corp., 
will be started shortly. The construction 
and plant layout program will involve an 
expenditure in excess of $4,000,000. 


New Oil Blast Circuit Breaker.—A new 
oil blast circuit breaker, type FK-45, with 
75,000 kv-a interrupting rating has been 
announced by the General Electric Co. 
The FK-45 unit is a non-oil-throwing 
breaker with plate steel rectangular tank 
with separating chamber, internal mech- 
anism,  silver-to-silver main contacts, 
easily renewable arcing contacts, oil blast 
baffles, and MHerkolite bushings. It is 
available in three current sizes, 600, 1200 
and 2000 amperes. A feature of the new 
breaker is its sturdy tank construction 


174 


which makes it especially applicable where 
heavy duty and small space requirements 
are indicated. 


New Type Motor Starter.—The Allis- 
Chalmers Manufacturing Co., Condit Works 
Boston, Mass., announces a new type of 
across-the-line air motor-starter, equipped 
with ‘‘Ruptors,”’ known as type AP-7. The 
Ruptors are enclosing chambers which con- 
fine and depotentiate the arc formed by cir- 
cuit interruption. These ‘“‘arc-depotentiat- 
ing chambers’’ greatly increase the inter- 
rupting ability of the contacts and form an 
isolating barrier between contacts of opposite 
polarity. The starter is furnished for 7!/, 
hp at 440 and 550 volts, 5 hp at 220 volts, 
and 3 hp at 110 volts. 


New G-E Building in Los Angeles.—Con- 
tracts were recently awarded for the con- 
struction of a new $700,000 General Electric 
building at Los Angeles. The new building 
is designed to contain 6 stories and base- 
ment, 3 stories of which are planned to be 
completed for occupancy by September. 
The new structure will occupy approxi- 
mately a city block in the downtown section 
of Los Angeles and will contain 250,000 
square feet of floor space. 


Vande Lizéranuce 


Capacitors.—Catalog 139A. Describes new 
pole-type capacitors for power correction 
of distribution systems. Cornell-Dubilier 
Corp., South Plainfield, N. J. 


Fire Alarm Systems.—Bulletin 102, 16 pp. 
Describes Samson fire alarm systems for 
institutions, factories, etc. S. H. Couch 
Co., Inc., North Quincy, Mass. 


Watthour Meters.—Bulletin GEA-2404A, 
16 pp. Describes 2-element, single-disk 
watthour meters, their mountings, con- 
nection diagrams, etc. General Electric 
Co., Schenectady, N. Y. 


Underground Conduit.—Bulletin 3751, 16 
pp. Describes fibre conduit, standard and 
thin wall, together with fittings. Line 
Material Co., So. Milwaukee, Wis. 


Heating Units.—Bulletin GED-650, 60 pp. 
Describes numerous small heating units 
and devices of all kinds for a wide variety 
of applications. General Electric Co., 
Schenectady, N. Y. 


Flexible Metal Tubing.—Bulletin SS-3, 
16 pp. Describes seamless flexible metal 
tubing, one of the 4 major styles of flexible 
metal hose made by this company. Illus- 
trates a wide variety of installations where 
absolute tightness in conveying liquids or 
gases is essential. The American Brass 
Co., American Metal Hose Branch, Water- 
bury, Conn. 


Pulleys and Couplings.—Bulletin, 4 pp. 
Describes a complete line of ‘““V’’ grooved 
pulleys, variable speed and step-cone pulleys; 
flexible couplings. Congress Tool & Die 
Co., Inc., 9080 Lumpkin Ave., Detroit, Mich. 


Flow Meters.—Catalog, 40 pp. Describes 
electrical and mechanical flow meters for 
recording, integrating, controlling and in- 
dicating the flow of steam, liquids, or gases. 
Details of the new electric flow meter and 
its operation, using Bristol’s metameter 
principle of telemetering, are included. 
The Bristol Co., Waterbury, Conn. 


Service Cables.—Bulletin C-31, 20 pp. 
Describes various types of service cables, 
illustrating uses and installations permitted 
by the National Electric Code. Typical 
applications and specifications are included. 
Anaconda Cable and Wire Co., 25 Broad- 
way, New York City. 


Lightning Protective Equipment.—Bulletin 
GEA-1743B, 12 pp. Describes lightning 
protective equipment for a-c rotating 
machines insuring protection against travel- 
ing-wave voltages due to lightning. The 
protective arrangement covers the com- 
bined use of arresters and capacitors. 
General Electric Co., Schenectady, N. Y. 


Motors.—Bulletin 305. Describes Reliance 
disc-brake motors,—combined units for 
power applications requiring quick, ac- 
curate, automatic stops or the holding of a 
load. Typical applications are small cranes, 
hoists, and auxiliary movements on machine 
tools. They frequently eliminate the need 
for clutches and permit direct connection 
of motors. Reliance Electric & Engineering 
Co., 1086 Ivanhoe Rd., Cleveland, O. 


Arc Welders.—Bulletin ““The Arc-Welding 
of Tomorrow.’’ Describes the advantages 
gained by the use of the internally stabilized 
are of the ‘‘Smootharc Welder.’’ Photo- 
graphs illustrate the applications of many 
of the models, from the vertical 75- and 100- 
ampere types to the 200-, 300-, 400- and 
600-ampere horizontal types. Stationary 
and portable-trailer models are also shown. 
Harnischfeger Corp., 4200 W. National 
Ave., Milwaukee, Wis. 


Transformers.—Bulletin 340, 8 pp. De- 
scribes power and distribution transformers, 
illustrating various types of large equipment, 
single phase and three phase, used for 
power transmission, electric arc furnaces, 
railway systems, or other industrial pur- 
poses. Brief mention is made of a few 
of the important developments and im- 
provements, such as uni-row radiators, 
straight line tap-changers, circular coils, 
etc. Pennsylvania Transformer Co., 1701 
Island Ave., N. S., Pittsburgh, Pa. 


Voltage Regulators.—Bulletin 5601, 8 pp., 
Electronic Automatic Alternator Voltage 
Regulator, Type EF. Describes and illus- 
trates this type of regulator which can 
be used with any known method of excita- 
tion. It explains in detail the operation 
of this comparatively new method of 
automatic voltage regulation. Bulletin 
5602, 8 pp. Describes a similar regulator 
designed for only one scheme of excitation, 
i. e., one regulator for each exciter. Ward 
Leonard Electric Co., Mt. Vernon, N. Y. 
(Cont'd on page 21) 
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SCALING dizzy heights, carrying human burdens, a fireman’s life 
depends on balance. A primary requirement for firemen, balance is equally 
essential for pintype insulators if they are to have long life. Electrical, 
mechanical and thermal characteristics--all must be skillfully balanced in 
pintypes--and that means the proper weighting of thermal safety, flash- 
over values, leakage length, impact resistance and cantilever strengths. 
O-B pintype insulators are noted for their balance of these qualities. 
That’s why you can depend on them to give you exceptionally long life. 


OHIO BRASS COMPANY 


MANSFIELD, OHIO, U.S.A. 


Canadian Ohio Brass Company, Limited, Niagara Falls, Ontario, Canada 
1906H 


MeOun ot A LANCE D PIN T.Y PES 


ohomce MEANS LONGER LIFE 
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Two important books which 
you should have 


One is our “Industrial Wiring Survey’. This volume 


tell you how to initiate a scientific check-up of elec- Anacone N 

trical circuits. It simplifies the problem surprisingly. : from mine to consumer 
The other is our ‘‘Industrial Guide for the Selec- : nese ES or 

tion of Wire and Cable’. Brand new, it is the only 

thing of its kind in the electrical industry. Scores 


of situations are described and an engineering rec- 


ommendation is given for the correct wiring solu- _ SI A UL Sf 


tion of each. Write for your copies. 


General Offices: 25 Broadway, New York 
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Avoid a costly breakdown by modernizing 
electrical circuits now 


OES your mechanization progress include 
modernizing of electric circuits? It should! 
Neglected power lines are costly. A breakdown 
with even one hour’s tie-up is serious. It means 
a reduction in output that can never be made up! 


Some losses are invisible 


Often, losses occur in other ways than by ac- 
tual breakdowns. Added equipment increases the 
load on a circuit unduly. Power starts “evap- 
— orating” invisibly in the form of heat losses. 
Maintenance and repair costs become unduly 
high. Slowing down of equipment due to volt- 
age drops is still another form of power loss. 
Estimates reveal that nine out of ten industrial 
plants are suffering serious losses because of failure 
to modernize electric circuits. Why not reduce 
power costs on your plant by eliminating some 
of this power waste? 


The first step—send for these books 


As the first step to bringing your plant to 100% 
electrical efficiency, send for the two books 
shown at the left. They tell you how to analyze 
circuits in order to detect power losses. Also 
how to find the right kind and size of wire or 
cable to stop the loss. If you have a specific 
problem, consult with our Engineering Depart- 
ment. We will cooperate without obligation. 


37539-P & EE 


ticago Office: 20 North Wacker Drive 


3 OF MANY SPECIAL ANACONDA 
COMPOUNDS AVAILABLE TO LICK ADVERSE 
CONDITIONS COMMONLY MET WITH 


For low-voltage cable and special in- 
dustrial applications where high re- 
sistance to moisture, acids, alkalis is 
a factor, together with low suscepti- 
bility to combustion and explosion, 
a compound we recommend ts 
TYPE ANW (Anaconda Network) 


In high temperature locations, such 
as for lighting, power, signalling and 
control, a heat-resisting, long-aging 


compound for cables operating at 
moderate voltages is 
TYPE AHR (Anaconda Heat Resisting) 


A high-voltage compound for light- 
ing and power service; ozone re- 
sistant; with lasting electrical and 
physical properties is 

TYPE ACR (Anaconda Corona Resisting) 


Anaconda has a compound especially developed to fit any per- 
formance problem that confronts you. The services of our En- 
gineering Department and Research Staff are available at all 
times for assistance in the solution of technical wire problems 
or for the development of special cables. Consult us! 


CGE 


Sales Offices in Principal Cities 
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The Type VP 
Potential Trans- 
former, com- 
panion to the 
Type OP, is also 
protected by 
completely co- 
ordinated insu- 
lation. Itisbuilt 
to the same ri- 
gid standards as 
Westinghouse 
Power Trans- 
formers. Rat- 
ings up to 161, 
000/115 volts. 


ESTINGHOUS: 
ELECTRIC 


The Type OP Current Transformer, designed 
particularly for outdoor substation construc- 
tion,now features scientifically coordinated 
insulation. Affording a most effective safe- 
guard against impulse, or lightning, surges, 
coordinated insulation performs three valu- 
able services for you... 


1 Reduces Maintenance 
2 Eliminates Costly Service Interruptions 
3 Protects your Capital Investment 


And, as an added protection, small, low-voltage 
Autovalve lightning arresters, mounted at the top 
of the condenser bushing, guard the primary 
winding. 


All ratings of the Type OP current transformer 
have series-parallel primary windings which give 
two ratios on the secondary side. If required, 
double secondaries can be supplied, permitting 
very accurate metering on one secondary, and 
relay or breaker operation on the other. 


Type OP Transformers are available for primary 
voltages up to 161,000 volts; in currents ratio up 
to 800—5 amperes. J 70043 
For more detailed information on these or other Westing- 
house Transformers, contact the nearest Westinghouse Rep- 


resentative or address Westinghouse Electric & Manufactur- 
ing Company, Room 7-N, East Pittsburgh, Pa. 


estinghouse 
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POET: 


BF Osten, 


COMERFORD STATION 
OF 


CONNECTICUT RIVER POWER COMPANY 


PART OF : 
NEW ENGLAND POWER ASSOCIATION 


UPPER CONNECTICUT RIVER 
r) : 


I5 K.V. KERITE — 


CABLES 
INSTALLED 1930 
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For seven years this plating tank has been 
operated with Alcoa Aluminum Bus as shown. 
Under these severely corrosive conditions the 
bus has given efficient, trouble-free service. 

Resistance to common types of corrosion is a 
natural, inherent characteristic of Aluminum. 
Properly installed runs of Alcoa Bus stand up 
year after year with virtually no attention in 
spite of fume from sulphuric acid, cyanide 
baths, and other corrosive agents. Interrup- 
tions are prevented. Money is saved. 


Another basic saving results from the fact 
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that Alcoa Bus is easy to install. The metal is 
easily worked, fittings are simple and inex- 
pensive, and lightness permits the most eco- 
nomical overhead disposition with minimum 
expenditure for supports. Joints are readily 
made by bolting or welding. 

Alcoa Aluminum Bus comes in three forms: 
flats and tubes for the usual types of construc- 
tion, and Channeluminum, the strong rolled 
channel section which is more efficient for 
heavy currents. ALUMINUM COMPANY OF 
AMERICA, 2149 Gulf Building, Pittsburgh, Pa. 


Reg. U.S. 
ALCOA! ‘vat. of. 


‘ALUMINUM 
9} 
id 
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Ancient Power used to Build 


XEN were the only power that 
Each side-hill site presents a different problem of . 
engineering and construction. could transport the materials 


This three-yoke ox-team sledged some of the tower for this transmission line when it 


steel up the hillside, while an occasional long, steep 
drag required as many as twenty yokes of oxen to 
transport the material. 


swept through virgin terrain, paying 
no attention to ridge or valley, forest 
or stream. In the construction of this 


line across the mountain ranges of 
West Virginia, some of the tower sites 
could not be reached in any other 
way. It was necessary to hew a path 
through dense woods and ford un- 
bridged streams. Thus each tower 
presented its own engineering and 
construction problem, to be reckoned 
with in advance by the engineers. 

American Bridge Company engi- 
neers have encountered many such 
unusual problems and accumulated 
See, “es a fund of highly useful experience 


The tower delivery crew take to the water, fording This 132 K.V. line was constructed by | Which can be drawn upon for your 
the Guyan River in West Virginia. the Appalachian Electric Power Company : 
of West Virginia. particular needs. 


AMERICAN BRIDGE COMPANY 


General Offices: Frick Building, Pittsburgh, Pa. 


UGS Baltimore - Boston : Chicago + Cincinnati -° Cleveland + Denver <: Detroit 
Duluth -: Minneapolis : New York - Philadelphia + St. Louis 


Columbia Steel Company, San Francisco, Pacific Coast Distributors * United States Steel Products Company, New York, Export Distributors 


~J 
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FOR: sa | 
HIGHER EFFICIENCY 
LOWER ALL-AROUND COST 


MERCURY-ARC 
POWER RECTIFIERS 


ECAUSE of their outstanding 
performance in all fields where 
a es << power conversion is a necessary 
100) ew, $00 welt, Grid Controlled Nectifion fon HlestolucEay = «= factor—Allis-Chalmers Mercury 
Are Rectifiers are accepted as the 
logical successor to the old forms of rotating converting equipment. 


Electric traction, electrolytic plants, mine haulage systems, radio trans- 
mitting stations, and building service—in every one of these fields mercury 
arc rectifiers have been successfully installed and are today setting re- 
markable records for economy and dependability. 


The principal advantages of Allis-Chalmers Rectifiers over converting equip- 
ment of the rotating type are: High overall conversion efficiency reduces 
power costs particularly at partial loads; negligible no-load idling losses 
.- » Maintenance cost about one-third that of rotating equipment...Free- 
dom from commutation difficulties and absence of synchronizing forces 
result in high momentary overload 714 
capacity... Unharmed by ac line 
disturbances ... Easy, instanta- 
neous starting and no reversal, 
permitting automatic control at 
little expense. 


Investigate the advantages of Allis- 
Chalmers Mercury Arc Rectifiers. 
Remember, to specify Allis-Chal- 
mers means that you receive the 
highest in technical workmanship, 
engineering skill, and excellence 
of product. 


led Rectifier Set 
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LECTRICITY is going to work 
for the rural population. The 
thousands of miles of electrical lines 
which are now being installed require 
the use of nearly every type of elec- 
trical wire and cable. Engineering 
problems have made new designs 
necessary to meet varying conditions. 
We have been making electrical 
wires and cables for many, many 
years. During that time most of the 
problems of electrification have been 
put before our engineers. Our experi- 


ence and research facilities combined 
have been successfully called upon in 
the development of new materials to 
meet changing requirements. 

Look to the American Steel & 
Wire Company for electrical wires 
and cables of every description. Our 
reputation for quality has been built 


on more than a century of wire-mak- 
ing experience. We welcome the 
opportunity to be of practical assist- 
ance to you in working out your needs 
for electrical wires and cables, and we 
are able to supply these needs with 
products that will give complete serv- 
ice and economy. 


American Steel & Wire Company Products for Rural Electrification 
Projects 


Galvanized Steel Conductors 
Strand 
Entrance & Drop Cables 

Concentric Cables 


Guy and Messenger Wire ‘ 
Reliance URC Weatherproof Wire 
Underground High Voltage Primary Cables 
Rubber Covered Wires 


Bare Copper Wire and 
Copperweld-Copper Service 
Overhead 


ELECTRICAL WIRES AND CABLES 


AMERIGAN STEEL '& WIRE COMPANY 


208 South La Salle Street, Chicago 


Columbia Steel Company, San Francisco, 
Pacific Coast Distributors 


US 


Empire State Building, New York 


United States Steel Products 
New York, Export Distributors 


Company, 
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To protect coil windings at the end 
of the slots, where most grounds 
occur, a slot insulating paper, above 
all things, must be tough. It must 
resist puncture and abrasion. It 
must withstand the pull of the wire 
as the winding is being shaped and 
pounded into place-—without split- 
ting, cracking, or de-laminating. 
Laboratory tests and performance 
records prove the unusual tough- 
ness and stretching qualities of 
Manning 300 and Manning B 
high-density insulating papers. 


Unusually high dielectric strength 
has been built into these Manning 
papers. Their high density is ob- 
tained by a special mechanical 
process—not by the use of chem- 
icals. No coloring or sizing is used 
in the manufacture of these papers. 
They will withstand high tempera- 
tures without cracking or becoming 
brittle. The John A. Manning Paper 
Company is a recognized leader in 
the manufacture of insulating paper. 
To prevent ground failures, specify 
Manning papers and be safe. 


MANNING 300 


—Highest quality, non-chemical, 
all-rag paper. Extremely tough, 
chemically pure, superior heat 
aging qualities. Each sheet is 
given an over-all dielectric test 
at 300 volts per mil. 


MANNING B 
—Highest quality, non-chemical, 
50% rag paper. Made by the 
same process as Manning 300. 
A high-density paper of unusual 
quality at a lower price. 


WRITE FOR 
SAMPLE 
CUT-OUT 


INSULATION 


MANUFACTURERS 
CORPORATION 


565 West Washington Blvd., Chicago, Illinois 
CLEVELAND © DETROIT © MILWAUKEE ® MINNEAPOLIS’ © PEORIA 


lac? N — 
SULTON 


OTHER Pittsburgh St. Louis Los Angeles San Francisco Seattle Philadelphia 
MANNING Earl B. Beach Co. ‘Insulation, Inc. Mr. C. D, LaMoree Mr. C, D. LaMoree Mr. C. D. LaMoree Staub-Towle Co. 

DISTRIBUTORS: Oliver Bldg. 2127 Pine St. 1325 San Julian St. 1889 Mission St. 305 First Ave., So. 18 W. Chelton Ave. 
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-».+.90 MEN MAY LEAD A FULLER LIFE= 


Members of the A.I.E.E. are 
cordially invited to visit the 
plant of the Harnischfeger 
Corporation during the Con- 
vention in Milwaukee. 


ELECTRIC 


@ Thanks to electricity, man’s great servant, the racking 
burdens of industry have gone with earlier generations. 
Today, in modern plants, harnessed electricity relieves men 
of slavish toil—permits them to work more efficiently ... 
to earn more . .. to enjoy a fuller measure of life. 


Thanks also to the electrical engineers, who each year are 
extending the uses of electricity—making it possible to produce 
still better products at still lower costs . . . that all can enjoy 
this higher standard of living. . . . As America’s largest 
manufacturer of overhead handling equipment, the Harnisch- 
feger Corporation is proud that it has been able to contribute 
its share with important developments which are saving labor 
and money for industry all over the world. 


4548 West National Avenue Milwaukee, Wisconsin 


ELECTRIC WELDERS 


RNISCHFEGER 


i) rT : HR HT . ‘acai HcaWATORS 7) 


eee 


\ muUISTS * £ ELECTRIC CRANES (GE 


Si 
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Rugged Materials that 
are Readily Moldable 


30.00 


| 2.40- 
| 220 


nn 

ee ss 

7:00 wy 2900 IMPACT STRENGTH 

S 180-3 

oo of Five Different Types of 

ype 

% 1.60-% 20.00 

se BAKELITE MOLDED 

= 1.40-Z 

Ww ~ 

< 1.20- 8! 15.00 oo 

a 1.00- 3 _ MEDIUM 
o 5 HIGH IMPACT 
9 -80- 6 10.00 ay 

So 6 MEDIUM 
Ww .40-% 5.00 -— IMPROVED —— IMPACT 

& GENERAL IMPACT 


PURPOSE 


Heavy-duty toggle switch handles, rough-service cable connectors and fire extinguisher discharge cones are typical applications of 
Medium High Impact Bakelite Molded. Chart shows comparative impact-resistance of this and other Bakelite Materials. 


ME. product parts require 
both the low specific gravity 


of molded plastics, and an unusu- 
ally high resistance to mechanical 
shock, stress and abrasion. Often, 
thin-wall sections or other intrica- 
cies in these designs make the use 
of maximum-impact plastics diffi- 
cult from a production standpoint. 

For products with these specifi- 
cations, there is a type of Bakelite 
Molded which fully meets require- 


BAKELITE 


ClOFR SET OPR Aw Tels Om Ne. 
BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street, Toronto, Canada 


ments. Medium High Impact 
Bakelite Molded is preformable by 
hand, and flows readily under 
moderate molding pressure. In im- 
pact strength, it is 5 times as strong 
as General Purpose Bakelite 
Molded, and 34% as rugged as High 
Impact Bakelite Molded! 

This unusual combination of 
characteristics adapts Medium High 
Impact Bakelite Molded to the im- 


provement of innumerable mechan- 


247 PARK 


AVENUE, 


West Coast: Electrical Specialty Co., Inc., 316 Eleventh Street, San Francisco, Cal. 


ical and electrical parts. The material 
also possesses valuable properties 
common to all Bakelite Materials: 
moisture-proofness, dielectric 
advantages, resistance to heat and 
chemicals. 

We invite you to consult us when 
considering which of the many 
types of Bakelite Molded best suits 
your needs. Also write for useful 
booklet 33M, “Bakelite Molded”, 
which gives A.S.T. M. data. 


NEW YORK, (Nee 


BAKELITE 


MECISTEREO B U8 PAT. OFF 
Tho registered trode marks shown obove distinguish moteriols numerical sign for infinity, or unlimited quantity. it symbolizes the infinire 
manvioctured by Bakelite Corporation Under the copital “B is the CJ | reser ol pretend onc hate wen Ol BStsthe Corporation's products 


THE 


MATERIAL OF A TFHOUSAND UWS ES 
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Single-reduction Reliance Gear- 
motor with open type direct- 
current motor, 


An alternating-current wound- 
rotor motor is used for this single- 


Double-reduction unit with fan- stage gearmotor. Drive shaft 


cooled squirrel-cage motor for use at bottom. 
in dirty locations. 


Type S 
Reliance Gearmotor 


Open Squirrel-cage 
Motor Unit. 
Double Reduction. 


Reliance Gearmotors are constructed on a sound principle, 
combining motor and speed reducer into one efficient, 
space-saving unit. The simplicity of Reliance design 
facilitates taking apart and assembling. There’s plenty of 
Single-reduction Gearmotor with strength and liberal support where most needed . . . To fit exactly 
cae pe me those needs which are peculiar to your work, Reliance Gear- 
motors are made in a wide range of ratios—in constant-speed, 
| multi-speed, and adjustable-speed types—in open, splash-proof, 
ee enclosed fan-cooled, and pipe-ventilated styles ... Reliance engi- 
a neers will undertake to meet your individual requirements with 
recommendations just as specialized, to insure the minimum in 
first cost, installation and maintenance and the maximum in 
production. See Bulletin 400. 


RELIANCE ELECTRIC & ENGINEERING COMPANY 
1086 Ivanhoe Road Cleveland, Ohio 


Thi lash f . Branches: Birmingham, Boston, Buffalo, Chicago, Cincinnati, Detroit, Greenville (S. C.), 

provi AM odecost ae ae New York, Philadelphia, Pittsburgh. Representatives in other principal cities. 

protection against dripping and 
splashing liquids. 


Uniformly Low core LOSSES 


GUARANTEED MAXIMUM CORE LOSSES 


Watts per Pound at 60 Cycles and 10,000 Gausses 
Epstein Test 


According to A. S.T. M. Standard Methods A-34 
Issued March 15, 1937 


U. S. STANDARD GAUGE NUMBER 


GRADE 23 24 25 26 


USS Armature. . 22S 98 eel 75 
USS Electrical* 1.945 eZ ON 1250 
IN THE INSPECTION of this arma- USS Motor*... Wexstoye  Alaps2 


ere core for a direct PEL motor, the USS Dynamo* eee 1.10 1.02 
skilled workman is examining each slot. 
The manufacturer specifies USS Elec- USS Radio Transformer 72 97 90 
trical because they are uniform — in USS Transformer 72*.... 97 -90 
electrical and physical characteristics. USS 


Mransformer.iO5) enc -r 


USS Transformer 58 ....... .58 


* These grades are available in thicknesses of .010, .007, .005 and .003 inches, 


for use at frequencies higher than power frequencies. Your inquiries are solicited. 


14 Please mention ELECTRICAL ENGINEERING when writing to advertisers JuNE 1937 


=HHisher Efficiency MOTORS, 


GENERATORS, 
TRANSFORMERS and other 
ELECTRICAL EQUIPMENT 


alae KIND of an equation 
needs two explanations. 

One is the answer to the question, 
Why uniformly low core losses? 

Because ... USS Electrical Steel 
Sheets are carefully rolled to gauge 
and size. Uniform in physical and 
electrical characteristics, these su- 
perior sheets are being manufac- 
tured by us to meet uniform core 
loss requirements. 

See the new table of Guaranteed 
Maximum Core Losses printed here. 
These core loss values supersede our 
prior guarantees. They are, on the 
average, lower than previous values. 
They indicate how you can design 
and manufacture transformers, mo- 
tors, generators and other magnetic 


equipment for higher efficiency by 


using the correct grade of USS 
Electrical Steel Sheets. 

Two is a feature which coordi- 
nates your knowledge and ours. 

You may want some assistance in 
selecting the proper grade of sheet 
for some new application. Our 
technical men are always ready to 
assist you in solving problems deal- 
ing with the use of electrical sheets. 

If you have an application where 
a specific requirement must be met, 
let us cooperate with you in decid- 
ing which one of the ten standard 
grades of USS Electrical Steel 
Sheets will give you the best at 
low production costs. For complete 
information on our Electrical Steel 
Sheets, just write or phone our 
nearest sales office. 


U-S:S ELECTRICAL STEEL SHEETS 


<A 


CARNEGIE-ILLINOIS STEEL CORPORATION 


Pittsburgh Chicago 
Columbia Steel Company, San Francisco, Pacific Coast Distributors S United States Stee! Products Company, New York, Export Distributors 
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BALANCE 


An Essential in This High Speed Era 


IBRATION not only causes noise, but 

increases the power requirements neces- 
sary to drive a motor. It is also a source of 
annoyance, especially in household appli- 
ances. TINIUS OLSEN has developed 
and refined equipment for dynamically 
balancing rotating parts. 


Write for our catalog describing our Style S 
machines for crankshafts and large armatures, 
fans, etc. Style E-O machines for small 


parts and Olsen-Thearle Portable Machine 


for stationary units. 


OLSEN-LUNDGREN DYNAMIC BALANCING 


HIN > QiSseEN MACHINE 


TESTING MACHINE CO. penis sed 
SOGHING «= 12th. Strect, PHILA, -PA; 


Where Would You Seek? 


WEEE would you look for engineers of wide ex- 
perience—men equipped to step eficiently into a 
vacancy—to rapidly become productive factors in your 
organization? 


Such men cannot be readily found today. Industry has 
been absorbing more and more of the high grade engineers 
for the past two years. Long range government operations 
have taken many others. 


Alert executives, industrial and governmental, have 
turned to the Engineering Societies Employment Service 
for the experienced engineers and engineering executives 
they need. You can get the right men for your particu- 
lar requirements—men selected for your specific job—from 
this Service. Use this specialized Service. 


Engineering Societies Employment Service 


NEW YORK OFFICE CHICAGO OFFICE SAN FRANCISCO OFFICE 
Walter V. Brown, Manager Thomas Wilson, Manager Newton D. Cook, Manager 
31 W. 39th Street 211 W. Wacker Drive Room 715, 57 Post Street 
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ALWAYS 
READY TO 
MEASURE 
--- Inductance 
--- Resistance 


-.- Capacitance 


ACCURACY 


ERE’S a bridge which is just as 


necessary as a voltmeter in Over the major portion of its scale 
any laboratory. Completely self- the bridge has an accuracy of 1% for 
contained with built-in standards, d-c resistance and capacitance and 
a-c and d-c power sources and d-c 2% for inductance measurements. 


null indicator, it only requires a pair POWER SUPPLIES 


of telephones for immediate opera- 


tion over an enormous range. It is A built-in 1,000 cycle microphone 
portable, compact, accurate, direct- hummer supplies the a-c voltage and 
reading and extremely simple to four No. 6 dry cells are used for d-c 
operate .. . and it is very moderately measurements and for driving the 
priced. hummer. Space is provided in the 


instrument for the dry cells. 


RANGE 
The ranges of this bridge are very SIMPLICITY OF OPERATION 


wide. They allow measurements of The bridge is direct-reading over its 
almost any piece of equipment to be entire range. The manipulation of 
found in the laboratory. balancing dials and_ self-reading 
Resistance: 1 milliohm to 1 meg- multipliers is so simple that un- 
ohm skilled personnel can make accurate 
Capacitance: | micromicrofarad measurements on the bridge almost 
to 100 microfarads immediately. 
Inductance: 1 microhenry to 100 
henrys INEXPENSIVE 
Dissipation Factor (=): 0.002 to 1 Complete with all accessories except 
X head phones and four No. 6 dry cells, 


X)\, the Type 650-A Impedance Bridge 
Energy Factor (=): 0.02 to 1000 sells for $175.00. 


Write for Bulletin 142-A for complete information 


GENERAL RADIO COMPANY 


CAMBRIDGE .... MASSACHUSETTS 


New York Los Angeles San Francisco 
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Put your questions up to 
headquarters for 


OIL 
IMMERSED 
CONTROL 


EARS of experi- 

ence in the de- 
sign and construc- 
tionof Oillmmersed 
Control have quali- 
fied Rowan Engi- 
neers to help you 
in solving your con- 
trol problems. The 
illustration shows 
the combination of 
starter and discon- 
nect switch with 


Airseal fuses built 
as a self-contained 
unit having many 
safety features. 
Information will be 
gladly sent you 
upon request. 


ROWAN CONTROL 


THE ROWAN CONTROLLER CO., BALTIMORE, MD. 


MINERALLAC 
INSULATING 
COMPOUNDS 


I) High: Voltage Lines 


“ina able Jc — 
and Pothea 


Always R NN 


“High dielec tri Yuen \ 
Approved physical TORE. 
inerallac Electric Company 

25 North Peoria Street 

C. hicago, Il. 
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ARITHMETIC of the ALTERNATING 


From Alternating NUMBERS .. . 


a-f- 8-8-8 
+2 e+e e 
. To Alternating CURRENTS 

A new tool for engineers and teachers of 


engineering who deal with the harmonics of 
alternating currents .. . Price Three Dollars 


by ROBERT A. PHILIP 


THE MONOGRAPHIC PRESS “tative, Mas. 


STOP WATCHES 


METER TESTING 
RPM CHECK 
Or LABORATORY USE 
TIME STUDIES, ETC. 


Ask for FREE folder No. 6 fully illus- 
trating and describing some 40 types 
of stopwatches. No salesman will call. 


REPAIR for si sods of Psi sid compas 
SERVICE 


mates; no charge, no obligation. 


The largest utilities, industries and universities 
are included among our customers 


A. R. & J. E. MEYLAN New ork’ erty 


CLASSIFIED 
ADVERTISEMENTS 


RATES: Fifty cents per line; minimum charge based on use of five 
lines. Copy is due the 15th of the month preceding publication date, 


WANTED: Copies of October (1936) issue of ELEC- 


TRICAL ENGINEERING. Please mail (parcel post) to 
American Institute of Electrical Engineers, 33 West 39th 
St., New York City, printing your name and address upon 
enclosing wrapper. ‘Twenty-five cents, plus postage, will 
be paid for each copy returned. 


TRANSFORMERS FOR SALE: Three 75-kva trans- 


formers, 11,000 to 230 or 460 volts; one 15-kva lighting 
transformer. Make us an offer. Central Electric Com- 
pany, Hattiesburg, Miss. 


ELECTRIC TUBE WELDING ENGINEER: Experi- 


enced regarding patent conditions, welding theory, welder 
and former design. Save time and cost of developing 
engineers to study involved problems requiring actual 
experience. Avoid known mistakes. Avoid royalties if 
possible. Address Box 182, ELECTRICAL ENGINEER- 
ING, 33 West 39th St., New York City. 


WANTED: Young man with engineering education and 
experience in power and public utility industry to train for 
position of Sales Engineer for well-known manufacturer 
of recording voltmeters, ammeters and wattmeters and 
telemetering systems. Must have outstanding personality 
and be free for extensive traveling and quick transfers. 
Highest character references required. Write stating 
age, education, experience and salary desired. Address 
Box 183, ELECTRICAL ENGINEERING, 33 West 39th 
Street, New York City. 
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Oil 


Any capacity, voltage 
container, mounting. 


* 


Generously propor- 
tioned for cool, con- 
tinuous operation. 


* 


Hermetically sealed. 
Positively seepage- 
proof and leakage- 
proof. 


FERRANTI 
CLIP-ON 
AMMETER 


Measures Loads 
Instantly! 


Without disconnecting 
equipment under test, on 
bare or insulated con- 
ductors, the Clip-On Am- 
meter is the only Dual 
Range instrument that 


* measures loads on feed- 
Ingenious terminal ers, switches, motors, 
construction eliminates transformers. 
oil seepage. Consult us regarding your capacitor prob- Determine the bal 
ich Moh Se i Pr ine the balaMc€ 9140/50 amps. O—100/500 amps. 
* lems. Our engineers will gladly collaborate. | on three-wire systems or 015/75 H 0—100/1000 *’ 
Quotations and samples cheerfully sub- | three-phase circuits— Cateeaeg We shir he hod 
Longer trouble-proof _ mitted. accurately—instantly— ta 
final Faerie in the ae ely—with a single- send for descriptive bulletin 
anded operation! or 2-weeks’ free trial offer! 


FERRANTI ELECTRIC, INC. 


30 Rockefeller Plaza - - - New York City 


e 


ROLLER-SMITH 
Catalog AE-48 


THE NEW 
VAPOR LIG 


is a real Catalog on 


SWITCHBOARD 
INSTRUMENTS 


A size and type for 
every need 


HIS Catalog illustrates, describes and 
lists a most comprehensive line of panel 
and switchboard type instruments. 


A. C. and D. C. 314", 4”, 712", 9”, Round. 
Rectangular. Horizontal Edgewise. Illumi- 
nated Dial. 


j_ stil jj 


Ammeters, Voltmeters, Wattmeters, Fre- 
quency Meters, Power Factor Meters, Syn- 


Twice better than old-fashioned ‘‘bulb’’ illumination. Acme Mercury 
chroscopes, Galvanometers, Pyrometers. 


Vapor Lighting Units cut lighting costs in half and provide twice the 
light value. Glareless eyesaving light promotes improved production. 


Transformers, Shunts, Multipliers. Mount- 
ing Brackets. 


The high lighting-efficiency and its attendant savings can only be 
assured under proper coordination of transformer with Mercury 
Vaporlamp. So, specify Acme, the transformer which under scientific 
tests, shows the proper efficiency necessary for perfect performance. 
For further information write: 


THE ACME ELECTRIC & MFG. CO. 


1446 HAMILTON AVENUE CLEVELAND, OHIO 


Send for your copy of Catalog AE-48 


OLLER-SMITH COMP: 


Electrical Measuring and Protective Apparatus 


MAIN OFFICE WORKS 
12 Park Place, New York Bethlehem, Pa. 


SALES AGENTS IN PRINCIPAL CITIES IN U. S. A, AND CANADA 
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Professional Engineering 
Directory 


For Consultants in Engineering and Allied Sciences 


BLACK & VEATCH 
Consulting Engineers 


Water, Steam and Electric Power Investiga- 
tions, Design, Supervision of Construction, 
Valuation and Tests 


4706 Broadway KANSAS CITY, MO. 


EDWARD E. CLEMENT 
Fellow AIEE 


Attorney and Expert 
in Patent Causes 


Soliciting, Consulation, Reports, 
Opinions 


1509 Decatur St., N. W. 
WASHINGTON, D. C. 


FRANK F. FOWLE & CO. 
Electrical and Mechanical 


Engineers 


35 East Wacker Drive CHICAGO 


FREDERICK T. HICKS 
Registered Patent Attorney 
Registered Professional Engineer 


Ex-Member of Examining Staff 
of the United States Patent Office 


1541 Nicholas Bldg. Penobscot Bldg. 
TOLEDO DETROIT 


JACKSON & MORELAND 
ENGINEERS 


Public Utilities—Industrials 
ailroad Electrification 
Designs and Supervision—Valuations 
Eeonomic and Operating Reports 


BOSTON NEW YORK 


Z. H. POLACHEK 


Reg. Patent Attorney 
Professional Engineer 


PATENT—TRADE MARK SPECIALIST 
Individual or Yearly Basis 


1234 Broadway Phone 
(At 31 St) NEW YORK Longacre 5-3088 


WHEN YOU 


SANDERSON & PORTER 
ENGINEERS 


FINANCING—REORGANIZATION— 
DESIGN—CONSTRUCTION 


of 
INDUSTRIALS and PUBLIC UTILITIES 


Chicago New York San Francisco 


SARGENT & LUNDY 


Incorporated 


ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 


GEORGE T. SOUTHGATE 
ELECTRICAL AND THERMAL 
ENGINEER 


Consultant in 
Design, Process and Patent Matters 


114 East 32nd Street NEW YORE 


THE J. G. WHITE 


ENGINEERING CORPORATION 
Engineers—Constructors 
Oil Refineries and Pipe Lines, 
Steam and Water Power Plants, 


Transmission Systems, Hotels, Apartments, 
Offices and Industrial Buildings, Railroads 


80 BROAD STREET NEW YORK 


J. W. WOPAT 
Consulting Engineer 


TELEPHONE ENGINEERING 
Construction Supervision 
Appraisals—Financial 
Rate Investigations 


303 East Berry St. Fort Wayne, Indiana 


J. G. WRAY & CO. 
Engineers 


Utilities and Industrial Properties 


Appraisals Construction Rate Surveys 
Plans Organizations Estimates 
Financial Investigations Management 


105 West Adams St., Chicago 


require technical advice—or 


a solution to an engineering problem— 


CONSULT THIS DIRECTORY 


Employment 


Bulletin 


Engineering Societies Employment Service 


MAINTAINED for their members by the national so- 
cieties of civil, mining, mechanical, and electrical 
engineers, in co-operation with other organizations. An 
inquiry to any of the three offices will bring full information. 


A weekly bulletin of engineering positions open Is 
available to members of the co-operating societies at a 
subscription of $3 per quarter or $10 per annum, payable 
in advance. 


In the interest of effective service, it is essential that 
members using the employment service keep the bureau 
office serving them advised at reasonable intervals con- 
cerning their availability for employment, concerning any 
change in status, and immediately upon acceptance of any 
employment. 


Employers interested in the following announcements 
should address replies to the key numbers indicated, and 
mail to the New York office. 


Men Available 


E.E., 46, Am., 8 yrs exper distr, 2 yrs exper 
transm lines, 2 yrs exper substations, 7 yrs exper 
Ha of elec eqpt. Desires engg or constr pos. 
E-33. 

M.E. AND E.E., exper in the des and constr of 
metallurgical plants for copper and iron, and chem 
plants for sulphuric acid. Desires responsible pos 
with large oprtg co. E-31. 


E.E., 27, single. Des, constr and oprn sub- 
stations, swbds, wiring layouts. Exper in tel 
cables, splicing, testg, installing. Knowledge 
Spanish. Availableimmed. Location, anywhere. 
E-40. 

TRANSF ENGR, Univ grad, married, exper in 
des and mfg of all types of transf. At present 
employed but desires pos with better opportunities. 

¥; 


E.E., R.P.I., 1932, Sigma Xi; 3 yrs’ exper in 
“precision parts mfr; desires a pos in the elec field, 
particularly des or pwr plant work. Location, 
U.S. E-42. 


E.E., M.E., married, 25 yrs des, constr pwr 
houses, substations, distr systems indus plants, 
exec engg dept large util. Purchased engg eqpt 
foreign interest. English, German, Russian, 
Armenian, Turkish languages. E-37. 


EXEC ENGR wants pos as supt or chief engr; 
util or large indus. Vast exper. Formerly chief 
engr in charge of des 400,000 kw plant. Writer 
and speaker. Now employed. E-38. 


SMALL MOTORS—Megmt trained E.E. with 
varied exper in devpmt and mfg for exec tech pos 
with financially sound firm. E-39. 


E.E., 1935-1936 grad, for inspection work. Will 
specialize in pwr eqpt, motors, generators, voltage 
regulators, etc. E-29. 


B.S., E.E., Cooper Union Inst of Tech, 735. 
Honor soc man. Exper aircraft instrument and 
eqpt field. Research and devpmt. Prefers NY 
or New England. E-36. 


GRAD ENGR, B.E.E., ’35; good scholastic rec; 
18 mos in engg dept of elec motor mfg co; lab test 
work and special problems; interested in prod or 
commercial engg; location, Middlewest. E-44. 


E.E. GRAD, 1932, single, 26. Sound motion 
picture, television, radio exper. Desires pos in 
sound engg field. Also grad DeForest’s Training, 
Chicago. Location, N.E. or N.Y. Interested in 
projection or recording. E-45, 


ELEC BACHELOR, Master MIT, Tau Beta Pi. 
Engg exper 2 yrs Gen Elec, 2 yrs Bell System. Also 
3 yrs CCC Officer. Desires research, des with 
util or mfr. E-30. 


INVENTOR, E.E.; exper on controls, re- 
sistance welding, oil burners, patent application 
prosecution, negotiations, contracts. Interested 
in diagnosis of troubles and their remedies. Loca- 
tion immaterial. E-43, 


E.E., broad exper tech publicity, sales promo- 
tion, sales engg and sales mgmt; familiar mech as 
well as elec field. Now employed temporary 
proiet large pwr co. Available about July 1. 


ASST PROF E.E., 38, B.S.E.E., M.S.E.E.; 4 
yrs devpmt and practical exper; 13 yrs teaching 
D.C. and A.C. machy and elec des. At present 
ona large recognized univ. Desires change. 
E-32. 

B.S.E.E., 28, single; 4 yrs steam pwr plant 
engg, instruments, test, combustion; one yr testg 
tel eqpt. At present employed but desires better 
opportunity. E-35. 


ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 


NEW YORK SAN _ FRANCISCO CHICAGO 
31 W. 39th St. 57 Post St. 211 W. Wacker Dr. 
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ee eel seer arare M.I. F. Through-bolt Guying Specialties 


Led by the M. I. F. Through-bolt Guy Hooks, these Guying Specialties are now 
(Cont'd from page 774) being used from Maine to California and from Canada to Mexico, with relatively 

fs few gaps, by the leading Light and Power Companies. They are specified also 
for R. E. A. guying. i 


A emi ae Slide Rule.—An ingenious Guy Hooks—tThe P 135 type illustrated is for 
ee Pea eee ee Sen care R.E. A. projects and other light construction. Rated for 
: ¥ application, 13,000 Ib. strand on 5%” through-bolt. Priced at 


for central stations, industrial plants or i 
Pe ea one tndactiy acGalled sthe ain $14.30/C, F. O. B. Branford, and lower in quantity. 


strulector, this slide-rule shows at a glance P 134 Guy Hook for mounting on crossarm is rated at 
proper instruments to use, their range, 10,000 Ibs. as there is no supporting lag. Larger 
approximate price, and size and descriptive P 133 Guy Hook, rated at 16,000 Ibs. on 54” bolt 
literature available. Westinghouse Electric and at 20,000 Ibs. on 34” bolt, is type of most uni- 
& Mfg. Co., E. Pittsburgh, Pa. versal application. Still larger P 132 Guy Hook, rated 
at over 35,000 Ibs. on 1” bolt may be installed with 


Pr ORE e. Ay Sind ced Gable. ances. second through-bolt, thereby increasing capacity. 
pone pothends of all"types, together with Sometimes used for two 34” guys at corners. Where 
instructions for installation; insulating stresses are placed on poles by attachments to through- 
compounds, etc. Dardelet threads are bolts, then the same through-bolts should logically be 
discussed and, for the first time, Everdur used for attaching the guys by means of Guy Hooks. 


junction boxes are catalogued. The publi- Eye Nuts and Anchor Rods—? 198 Thim- 


cation is notable for the ease with which % ; 
the various types of accessories can be bleless 5g” Eye Nut now priced at $11.55/C is being 


located, as well as the completeness of the used by most Companies using these Guy Hooks. ] 
descriptions. Anaconda Wire and Cable Also furnished assembled on high-strength steel rods as Thimble-less Eye Bolts and Anchor 
Co., 25 Broadway, New York. Rods at attractive prices. Larger sizes, Bolt Eyes, and Double Eye Nuts also available. 


Circuit Breakers.—Bulletin 3636, 4 pp. Curved Washers—The most complete line available anywhere from P 143, 3” x 3” 
Describes type KL circuit breaker, a at $6.05 /C up to P 119, 6” x 6” at $38.50/C. All prices lower for larger quantities. 
magnetically operated, latched-in switch, 


designed for severe service combined with MALLEABLE IRON FITTINGS COMPANY 


fast switching action. The arcing contact 
: : : Pole Hardware Dept. Factory and New || Branford, Connecti 
design especially adapts this type of breaker . [ Lae setae iets) ] baat ag’ 


for handling the inrush current of squirrel <P> a a Gaeaisa saad Heavier: —e <> 
cage motors started at full voltage. Elec- NL Eh es a ahh At he hs) 

trically operated, 1200 amperes and under, 
600 volts a-c or less, 250 volts d-c or less. 
Manual operation can be provided. I-T-E 
Circuit Breaker Co., 19th and Hamilton 
Sts., Philadelphia, Pa. 


Cable Accessories.—Catalog 371, 100 pp. 


Send for Sam- 
ples and Descrip- 
tive Literature. 
Trial  Assort- 
ments at 100-lot 
prices. 


poe. | New ALE Standards 


ea pe i ss ene ee. Five new standards have been added to the AIEE series 
! P : : and in addition four have just been issued in a considerably 


with proper lamps, provides far greater : 
Hala efficiency than ordinarily available, revised form. These standards represent the recent work of 


according to the manufacturer. The trans- the Sectional Committee on Insulated Wire and Cables and 
former, adapted to mounting in any posi- the Sectional Committee on Railway Motors. All have 
tion, was developed especially for use with been approved by the American Standards Association. 
the new 400 watt high intensity mercury They are as follows: 

vapor lamp, combining the advantages of 
mercury vapor light in a practical lamp No. 11 Railway Motors and Other Rotating Electrical 


Machinery for Rail Cars and Locomotives. An 
extensive revision. Approved December 1936. 
Price 50 cents. 


design that can be screwed into a socket 
of a conventional industrial reflector. The 


Acme Electric & Mfg. Co., 1446 Hamilton : Respectively, Cotton Covered, Silk Covered, and 
Ave., Cleveland, O. Enameled Round Magnet Wire. An extensive re- 
vision, approved April 1936. (Supersedes Nos. 69, 
Laboratory Equipment.—Descriptive Data 70 and 71.) Issuedin one pamphlet. Price 30 cents. 
190, 40 pp., “Laboratory Apparatus for b Code Rubber Insulation for Wire and Cable for 
Educational Institutions.” Describes the sone Purposes. Approved June 1936. Price 
comprehensive line of equ ueenp Wiesting: . €8.12 Cotton Braid for Insulated Wire and Cable for Gen- 
house has developed for instruction and eral Purposes. Approved June 1935. Price 20 cents. 
demonstration purposes. Many new pieces . C8.16 Tree Wire Coverings. Approved April 1936. Price 
of apparatus are shown, including the 20 cents. 
multiple tap transformer, built-up trans- . C8.17 Class OA 30 Per Cent Rubber Insulation for Wire and 
former parts, variable capacitor, relay Cable for General Purposes. Approved June 1936. 
system boards, etc. Rotaprint 841, 28 pp., Price 20 cents. 


.C8.18 Weather Resistant Wire and Cable URC Type. 


another publication of the same company, Approved December 1936. Price 20 cents 


“Suggested Specifications for Electrical . ; ce : ‘ . 

‘ ” i (Fifty per cent discount on above prices to members, colleges and \referenc 
peor ancey. Oe oa : ces plectrical libraries, Please send check, money order or cash with order. “ 
equipment from incoming lines to tools. 


Six different lists of apparatus are shown , ; ; ; 
for large or small engineering schools and American Institute of Electrical Engineers 


ee ee ec, © 33 West 39th Street New York City 


Pittsburgh, Pa. 
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Advertised Products Index | 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETERS, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


BATTERY CHARGING APPARATUS 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


BRUSHES, COMMUTATOR 
National Carbon Co., Inc., Cleveland, O. 


BUS BAR SUPPORTS 
General Electric Co., Schenectady, N. Y. 


CABLE ACCESSORIES 
Anaconda Wire & Cable Co., New York 
General Electric Co., Schenectady, N. Y. 
Minerallac Electric Co., Chicago 


CAPACITORS 
Aervox Corp., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. ‘ys 
Westinghouse E. & M. Co., E. Pittsburgh 


CIRCUIT BREAKERS 
Air-Enclosed 


General Electric Co., Schenectady, N. Y. 
J-T-E Circuit Breaker Co., Philadelphia 
Roller-Smith Co., New York : 
Westinghouse E. & M. Co., E. Pittsburgh 


Oil 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


CLAMPS, GUY & CABLE 


Malleable Iron Fittings Co., Branford, Conn. 


CONDENSERS, ELECTROSTATIC 
Aerovox Corp., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Westinghouse E. & M. Co., E. Pittsburgh 


CONTACTS, TUNGSTEN, ETC. 


Fansteel Metallurgical Corp., N. Chicago, Ill. 


CONTROLLERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Rowan Controller Co., Baitimore, Md. 
Westinghouse E. & M. Co., E. Pittsburgh 


CONVERTERS, SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


DYNAMOS 
(See GENERATORS AND MOTORS) 


ELECTRONIC TUBES 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Reliance Electric & Engg. Co., Cleveland 
Westinghouse E. & M. Co., E. Pittsburgh 


GROUND RODS 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 


INSTRUMENTS, ELECTRICAL 
Graphic 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Leeds & Northrup Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 
Indicating 

Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
Leeds & Northrup Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


Integrating 
Ferranti Electric, Inc., New York 


General Electric Co., Schenectady, N. Y. 

Westinghouse E. & M. Co., E. Pittsburgh 
Scientific, Laboratory, Testing 

Acme Elec. & Mfg. Co., Cleveland, O. 

Ferranti Electric, Inc., New York 

General Electric Co., Schenectady, N. Y. 

General Radio Co., Cambridge, Mass. 

Leeds & Northrup Co., Philadelphia 

Roller-Smith Co., New York 

Westinghouse E. & M. Co., E. Pittsburgh 


INSULATING MATERIALS 
Cloth 
Minerallac Electric Co., Chicago 
Westinghouse E. & M. Co., E. Pittsburgh 
Compounds 
Minerallac Electric Co., Chicago 


Roebling’s Sons Co., John A., Trenton, N. J. 
Westinghouse E. & M. Co., E. Pittsburgh 


bo 
i) 


INSULATING MATERIALS (cont'd) 
Moulded 


Bakelite Corp., New York 5 
Westinghouse E. & M. Co., E. Pittsburgh 


Paper 
Insulation Manufacturers Corp., Chicago 


Tape, Friction 
Minerallac Electric Co., Chicago 
Okonite Company, The Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Westinghouse E. & M. Co., E. Pittsburgh 


Varnishes 
Bakelite Corp., New York 
Minerallac Electric Co., Chicago 
Westinghouse E. & M. Co., E. Pittsburgh 


INSULATORS, PORCELAIN 
General Electric Co., Schenectady, N. Y. 
Ohio Brass Co., Mansfield, O. 
Westinghouse E. & M. Co., E. Pittsburgh 


LIGHTNING ARRESTERS 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


LOAD RECORDERS—CONTROLLERS 
Leeds & Northrup Co., Philadelphia 


LOCOMOTIVES, ELECTRIC 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


METERS, ELECTRICAL 
(See INSTRUMENTS, ELECTRICAL) 


MOTORS 
(See GENERATORS AND MOTORS) 


POLE LINE HARDWARE 
Malleable Iron Fittings Co., Branford, Conn. 
Ohio Brass Co., Mansfield, O. 


POLE MOUNTS 
Malleable Iron Fittings Co., Branford, Conn. 


RECTIFIERS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


REGULATORS, VOLTAGE 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


RELAYS 
General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


RESISTORS 
Aerovox Corp., Brooklyn, N. Y. 
General Radio Co., Cambridge, Mass. 
Ohmite Mfg. Co., Chicago 
Westinghouse E, & M. Co., E. Pittsburgh. 


RHEOSTATS, LABORATORY 
General Electric Co., Schenectady, N. Y. 
Ohmite Mfg. Co., Chicago 
Westinghouse E. & M. Co., E. Pittsburgh 


SHEETS, ELECTRICAL 
Carnegie-Illinois Steel Corp., Pittsburgh 


SUB-STATIONS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 


SURGE ABSORBERS 
Ferranti Electric, Inc., New York 


SWITCHBOARDS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
I-T-E Circuit Breaker Co., Philadelphia 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


SWITCHES, AUTOMATIC TIME 
Genera) Electric Co., Schenectady, N. Y. 
Minerallac Electric Co., Chicago 


SWITCHES, DISCONNECT 
General Electric Co., Schenectady, N. Y. 
Roller-Smith Co., New York 
Westinghouse E. & M. Co., E. Pittsburgh 


SWITCHES, GENERATOR FIELD 
I-T-E Circuit Breaker Co., Philadelphia 


TOWERS, TRANSMISSION 
American Bridge Co., Pittsburgh 


TRANSFORMERS 
Acme Elec. & Mfg. Co., Cleveland, O. 
Allis-Chalmers Mfg. Co., Milwaukee 
Ferranti Electric, Inc., New York 
General Electric Co., Schenectady, N. Y. 
General Radio Co., Cambridge, Mass. 
Westinghouse E. & M. Co., E. Pittsburgh 


TURBINE GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
Genera] Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 
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TURBINES 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


WATCHES, STOP 
Meylan, A. R. & J. E., New York 


WELDERS, ARC 
General Electric Co., Schenectady, N. Y. 
Westinghouse E. & M. Co., E. Pittsburgh 


WELDING WIRE 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


WIRES AND CABLES 


Aluminum 
Aluminum Co. of America, Pittsburgh 


Armored Cable 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire & Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Asbestos Covered 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Bare Copper 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 
Crescent Ins. Wire & Cable Co., Trenton, Vy 
Roebling’s Sons Co., John A., Trenton, N. J. 
General Cable Corp., New York 


Bronze 
Copperweld Steel Co., Glassport, Pa. 


Copper Covered Steel 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 


Flexible Cord 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins.Wire & Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Heavy Duty Cord 


American Steel & Wire Co. Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire & Cable Co., Trenton, N.J. 
General Cable Corp., New York 

Okonite Company, The Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Lead Covered (Paper and Var. Cambric Ins.) 


American Steel & Wire Co., Chicago 
Avaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The Passaic, N. J. 
Okonite-Callender Cable Co., Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Magnet 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Rubber Insulated 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y 
Kerite Ins. Wire & Cable Co., New Yor 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Tree Wire 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
General Cable Corp., New York 

Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 


Weather proof 


American Steel & Wire Co., Chicago 
Anaconda Wire & Cable Co., New York 
Crescent Ins. Wire &Cable Co., Trenton, N.J. 
Copperweld Steel Co., Glassport, Pa. 
General Cable Corp., New York 

General Electric Co., Schenectady, N. Y. 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
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Tungsten is one of the best of materials for elec- 
trical contacts, yet, to be successful, the metal 
must be made for its intended service. And the 
same grade that performs perfectly in one circuit 
will fail in another, as shown in the photograph 
above. 

Intensive research in all contact materials— 
tungsten, molybdenum, silver and precious 
metals—enables Fansteel to recommend suitable 
contacts for any purpose. 

Turn your contact problem over to Fansteel 
engineers, who will submit recommendations 
based upon careful studies and repeated tests. 


FANSTEEL 


METALLURGICAL CORPORATION 
NORTH CHICAGO, ILLINOIS 


TANTALUM .. . TUNGSTEN .. . MOLYBDENUM 
ACID PROOF EQUIPMENT . TANTALUM CARBIDE 
ABRASION RESISTING ALLOYS . . . . COLUMBIUM 
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eee CAMBRIC * RUBBER POWER CABLES ° BUILDING WIRE * RADIO 


a BUILT TO 


ia §6ENDURE 


Interior 
Building 


Washington 
N.C. 


H. P. Foley Co., 
Washington, D. C. 

Genl. Contr; Geo. A. Fuller Co., 

New York, N. Y. 


Elec. Contr.; 


This Magnificent Building 
Wired Throughout with << -See” OF 


CRESCENT ENDURITE 
WIRE and CABLE 


CRESCENT ENDURITE Rubber Com- Due to its superior heat-resisting and 


pound is a super-aging, heat-resistant high dielectric characteristics, it is es- 
insulating material which exceeds Fed- pecially suited for use when electri- 
eral Specifications JC-106, required by cal conductors are required to meet 
the Government for installation in per- abnormal temperature and aging con- 
manent Federal buildings. ditions. 


SCENT 


& CABLE CO. INC 
NEW JERSEY. 


CRE 
INSULATED WIRE ge 
TRENTON. \— 


CRESFLEX NON-METALLIC SHEATHED CABLE: SERVICE ENTRANCE CABLE * MAGNET WIRE: BARE WIR 
AIAVD CAUOWNUY - SATAVD AVAMNUVd AGNV GASVONA-GV4T - SAUOD ATAIXATA - ATAVS TVNOIS - SAUTA 


Fi 


RESCENT ENDURITE SUPER-AGING INSULATION * WEATHER-PROOF WIR 
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EW FROM THE CHICAGO OFFICE OF THE OKONITE COMPANY SS | i 


